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PREFACE  TO  FOURTH  EDITION. 


The  first  edition  of  this  work  was  published  in  1895,  since 
which  time  three  complete  editions  have  been  printed  and  sold. 
The  fourth  edition  has  been  very  largely  re-written  and  con- 
siderable new  matter  added ;  the  size  of  the  book  as  compared 
with  the  first  edition  being  increased  by  nearly  one-third. 

Three  new  chapters  have  been  added :  one  relating  to  the 
fan  or  blower  for  moving  air,  another  to  the  general  subject  of 
mechanical  systems  of  heating  and  ventilating  and  a  third  to 
schoolhouse  heating  and  ventilation.  It  is  believed  that  the 
book  in  its  present  form  describes  the  latest  improvements  in 
the  art  of  heating  and  ventilating ;  it  also  gives  directions  for 
the  construction  and  installation  of  all  the  various  systems  of 
heating  and  ventilating  now  in  use. 

The  writer  is  under  obligation  for  assistance  and  material 
in  preparing  the  fourth  edition  of  this  book  to  Prof.  Homer 
Woodbridge,  of  the  Massachusetts  Institute  of  Technology,  to 
the  various  heating  engineers  who  have  taken  active  part  in 
the  American  Society  of  Heating  and  Ventilating  Engineers, 
to  the  technical  papers  devoted  to  the  subject  of  heating  and 
ventilation,  and  to  Prof.  Herman  Diederichs,  of  Ithaca,  N.  Y. 

Ithaca,  N.  Y.,  July  i,  1903. 
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EXTRACTS  FROM   PREFACE   OF   FIRST   EDITION. 


The  art  of  heating  and  ventilating  buildings  is  that  branch 
of  engineering  which  is  devoted  to  a  practical  application  of  the 
[encral  physical  laws  of  heat,  of  pneumatics,  and  of  hydraulics 
>  the  construction  of  heating  and  ventilating  apparatus.  The 
object  of  the  present  book  is  to  present  to  the  reader,  in  as 
conci»e  a  form  as  possible,  a  general  idea  of  the  principles 
(rhich  apply,  and  of  the  methods  of  construction  which  are  in 
use  at  the  present  time,  in  various  systems  of  heating  and  venti- 
ating.  In  preparing  the  present  book,  the  writer  has  endeav- 
ored to  present,  in  as  clear  and  concise  a  manner  as  possible, 
irst,  a  statement  of  the  general  principles  of  pure  science  which 
ipply ;  second,  a  discussion  of  data  and  results  of  important  testa 
ibowing  the  relation  of  theoretical  principles  to  practical  con- 
truction;  third,  a  description  of  the  various  practical  methods 
vhich  are  in  use  in  heating  and  ventilating  buildings ;  fourth,  a 
dcHCription  of  the  methods  of  designing  various  systems  of 
icattng  and  ventilating;  fifth,  a  collection  of  useful  tables  for 
kCtical  application  of  the  principles  stated. 
The  writer  has  endeavored  to  arrange  the  matter  so  that  it 
:an  be  understood  by  any  person  possessing  a  thorough  and 
:al  knowledge  of  English  and  arithmetic.  Algebraic 
lemonstrations  and  formulas,  when  introduced,  arc  usually 
rinted  in  smaller  type;  and  if  a  general  conclusion  is  deduced 
y  algebraic  methods  it  is  restated  in  the  form  of  a  rule  of 
ictice. 
It  has  been  the  desire  of  the  writer  to  arrange  the  work  in 
t  scientific  manner,  and  to  give  no  methods  or  rules  of  practice 


vm       EXTRACTS  FROM  PREFACE   OF  FIRST  EDITION. 

which  were  not  based  on  the  results  of  good,  sound  theory — 
the  theory  to  be  modified  by  such  co-efficients  as  have  been 
obtained  by  actual  tests  or  experience.  In  the  case  of  nearly 
every  system  of  heating  this  has  been  possible.  It  is  believed 
in  this  respect  that  the  book  will  be  an  improvement  over  any- 
thing which  has  preceded  it. 

The  book  generally  presents  such  information  as  the 
writer  has  found  in  an  extensive  practice  in  the  erection  and 
operation  of  heating  apparatus  to  be  that  which  is  required  by 
contractors  and  by  engineers  in  charge  of  the  erection  of  plants. 

For  the  literary  part  of  the  work  obligation  is  due  to  nearly 
every  writer  who  has  preceded  him.  In  nearly  every  case 
special  credit  has  been  given,  but  in  the  back  part  of  the  book 
will  be  found  a  complete  list  of  authorities.  The  writer  has 
had  the  cordial  assistance  of  many  noted  heating  engineers, 
many  manufacturers  of  heating  apparatus,  and  all  the  publish- 
ers of  current  literature  devoted  to  this  subject. 

The  principal  portion  of  the  practical  part  of  the  book  is 
devoted  to  construction  of  gravity-heating  systems,  using  steam 
^nd  hot  water,  but  systems  of  heating  with  hot  air,  with  or 
without  a  blower,  with  exhaust  steam  and  with  electricity,  are 
considered,  and  practical  directions  for  construction  are  given. 
The  general  character  of  the  contents  will  be  best  seen  by  con- 
sulting the  table  which  follows. 

Ithaca,  N.  Y.,  October  i,  1895. 
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'■'        CHAPTEI?.-  I,:-  " 
INtRODl/CTrON. 
NATURE  AND   PROPERTIES  OF  HEAT. 

z.  Demand  for  Artificial  Heat. — The  necessity  for  artifi- 
cial  heat  depends  to  a  great  extent  upon  the  climate,  but  to  a 
certain  extent  on  the  customs  or  habits  of  the  people.  In  all 
the  colder  regions  of  the  earth  artificial  heat  is  necessary  for 
the  preservation  of  life,  yet  there  will  be  found  a  great  difference 
in  the  temperature  required  by  people  of  different  nations  or 
races  living  under  the  same  circumstances.  On  the  continent 
of  Europe,  15  degrees  centigrade,  corresponding  to  about  59 
degrees  F.,  is  considered  a  comfortable  temperature ;  in  America 
it  !3  the  general  practice  and  custom  to  maintain  a  temper- 
ature of  70  degrees  in  dwellings,  offices,  stores,  and  most  work- 
shops, and  a  heating  apparatus  is  considered  inadequate  which 
will  not  maintain  this  temperature  under  all  conditions  of 
weather. 

2.  Mag:nitude  of  the  Industry  of  Manufacturing  and  In- 
stalling Heating  Apparatus. — The  industry  connected  with 
the  manufacture  and  installation  of  the  various  systems  for 
warming  is  a  great  one  and  gives  employment  to  many  thou- 
sand workmen.  The  manufacture  of  heating  apparatus  is  not 
only  of  great  magnitude,  but  it  is  varied  in  its  nature  ;  all  kinds 
of  apparatus  for  heating — as,  for  instance,  the  open  fireplace 
built  at  the  base  of  a  brick  chimney,  the  cast-iron  stove  with 
its  unsightly  piping,  the  furnace  and  appliances  for  warming 
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air,  apparatus  for  heating  by  steam  and  also  by  hot  water — can 
be  readily  bought  on  the  njajkejt  in  almost  every  form,  from 
that  of  the  simplest  to.Aat:of  thernio'st  complicated  design. 

The  exact  amoufUr.pJ  capital  irtvfesl^jj  In  this  industry  could 
not  be  ascertainecf.by' the  Author,  but "iiv -.twenty  cities,  selected 
in  alphabetical  orderVrom  a  list  of  one  hundred  and  sixty-five 
cities  of  the  ITnited  -States  containing  over  twenty  thousand 

inhabitants,  thd  total,  amount  invested  iri  thj^  business  of  erect- 

• .  .  .  "  ■ 

ing  and  installing. hating  apparatus  as^yen.in  the  Census 
Report  by  the  •U'J'.S.\Government  for  J 896  was  $12,910,250, 
and  the  yearly  rec^t^.for  1890  from  th»  business  in  the  same 
cities  was  $5, 592, F46.-'* .-The' aggregate 'population  of  these 
cities  was  1,573,508  p«Qple/  This  would  indicate  an  invest- 
ment  of  $8.20  and  a  yearly ^  expenditure  of  $3.52  for  each 
inhabitant.  Reckoning  on  the  same  basis  for  the  cities  of  the 
United  States  which  contain  over  25,000  inhabitants  each,  we 
should  have  an  invested  capital  of  over  $106,000,000  and  a 
yearly  expenditure  of  over  $46,000,000.  These  numbers  are 
probably  less  than  the  amount  actually  invested,  but  they  serve 
to  give  an  idea  of  the  magnitude  of  the  industry  connected 
with  the  supply  of  apparatus  for  artificial  warming. 

3.  Nature  of  Heat. — Before  consideration  of  the  methods 
of  utilizing  heat  in  warming  buildings  a  short  discussion  of  the 
nature  and  scientific  properties  of  heat  seems  necessary. 

Heat  is  recognized  by  a  bodily  sensation,  that  of  feeling, 
by  means  of  which  we  are  able  to  determine  roughly  by  com- 
parison that  one  body  is  warmer  or  colder  than  another.  From 
a  scientific  standpoint  heat  is  a  peculiar  form  of  energy,  similar 
in  many  respects  to  electricity  or  light,  and  is  capable,  under 
favorable  conditions,  of  being  reduced  into  either  of  the  above 
or  into  mechanical  work.  We  shall  have  little  to  do  with  the 
theoretical  discussion  of  its  nature,  but.  as  it  is  well  to  have  a 
distinct  understanding  of  its  various  forms  and  equivalents,  we 
♦vill  consider  briefly  some  of  its  important  properties. 

Heat  was  at  one  time  considered  a  material  substance  which 
might  enter  into  or  depart  from  a  body  by  some  kind  of  con- 
duction, and  the  terms  which  are  in  use  to-day  were  largely 
founded  on  that  early  idea  of  its  material  existence.  The 
theory   that    heat   is   a   form   of    energy   and    is   capable   of 
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bmsformatton  into  work  or  electricity  is  thoroughly  established 

■  fact   and  experiment.     I.I  probably  produces  a  molecular 

botion  among  the  parlid'es  of  boc'i^s  in^o  wliicii  it  enters,  the 

j^te  of  such  motion  being' ;)roporti(maJ.  to  the  intensity  of  the 


Heat  has  twp  qualities  which   correspond  in  a  general  way 

0  intemity  on  the  one  hand  and  quantity  on  the  other.    The 
faitensity  of  hcatis  termed  temperature — Ih-s  can  be  mea;iured 

y  a  thermometer ;  bat,  except  in  scientifi':  discussion,  no  name 
s  been  applied  to  designate  the  unir-quagltty  of  heat,*  and 
5  no  method  of  measuring  it  directly,  although  it  is  of  as 
Rluch  importance  as  temperature'. 

it  is  a  fact  which  wi'l  appear  from  later  statements  that  the 
unt  of  heat  contained  in  two  bodies  of  different  kinds,  but 
*of  the  same  weight  and  temperature,  may  be  essentially  different. 
A  familiar  analogy  might   perhaps  be  seen  in  the  case  of  the 
dimensions  and  weight  of  men.     The  weight  would  depend  on 
■■Ihe   general   dimensions,  height,   breadth,  etc.,  and    it   would 
probably  be  the  case  that  two  men  having  equal  heights  would 
Have  quite  different  weights.     In  a  similar  manner  the  amount 
heat  depends  upon    the  temperature   and    also  npon  the 
jtfoperty  of  the  body  to  absorb  heat  without    showing  any 
ilects  which  may  be  measured  on  a  thermometer.     This  latter 
opcrty  in  itself  depends  upon  the  nature  of  the  body  and 
^so  upon  that  peculiar  quality  of  heat  to  which  reference  has 
1  made.     Under  every  condition  heat  must  be  quite  differ- 
in  nature  from  temperature. 
Note  that  heat  is  equivalent,  not  to  mechanical  force,  but  to 
biechanical  work.     Work,  defined  scientifically,  is  the  applica- 
^on  of  force  in  overcoming  some  resistance;  it  is  the  result  of 

1  force  acting  through  a  certain  distance;  the  distance  moved 
Hhrough  having  as  much  effect  onr  the  result  as  the  force  acting. 

The  work  done   is  proportional   to  the  product  of  the   force 

exerted,  multiplied  by  the  space  passed  tiirough.     In   English 

measures  the  unit  of  this  product  is  »  foot-pound,  which  signifies 

tone  pound  r.iised  to  a  height   equal  to  one  foot ;  it  is  itself  a 

Tiplcx  quantity  resembling  heat  in  this  respect.     Heat  can 

;  transformed  into  work. 
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4.  Measure  of  Heat— Heat-unit. — As  explained  heat  can- 
not be  measured  by  the  thermometer;  it  can,  however,  be 
measured  by  the  amount tbat  somc[  standard  is  raised  in  tem- 
perature.     The  stanUa/<(j  "Sjaopted  ife^^a'ter,  and  heat  is  univers- 

'.  ally  measured  by\ttl•pp^ver*to  raiscf  tlie. temperature  of  a  given 
weight  of  water«*  In'^nglish-speaking  countries  the  A^^/-i/;fiV  is 
that  required  tQ  raise  one  pound  of  water  from  a  temperature  of 
62  to  63  degre^s^^^nd  this  quantity  is  tefnied  a  British  thermal 
unit ;  this  will  "be  x<ffrred  to  in  this  worlcj'by  its  initial  letters 
B.  T.  y.,  or  simply! as,  a  heat-unit.  TbtS'^tnount  of  heat  re- 
quired to  change.  diVtffmperature  of  ©"^'pdund  of  water  one 
degree  is  not  the  sa'nrte-^^.all  ttfrfpprgLtur.e&;  the  variation,  how- 
ever,  is  slight  and  fof  j5r4ctfcal  purposes  can  be  entirely  disre- 
garded. The  unit  of  hear  used  "by  the  French  and  Germans, 
and  for  scientific  purposes  generally,  is  called  the  calorie ;  it  is 
equal  to  one  kilogramme  (2.20  pounds)  of  water  raised  one 
degree  centigrade  (1.8  degrees  Fahrenheit)  and  is  equal  to 
3.9672  B.  T.  U.  The  calorie  is  referred  to  water  at  a  temper- 
ature of  15-16°  Centigrade  (60  degrees  Fahrenheit). 

5.  Relation  to  Mechanical  Work  and  to  Electrical 
Units. — The  relation  of  heat  to  mechanical  work  was  accu- 
rately measured  by  Joule  in  1838  by  noting  the  heating  effects 
produced  in  revolving  a  paddle-wheel  immersed  in  water.  The 
wheel  being  revolved  by  a  weight  falling  a  given  distance,  the 
mechanical  work  was  known ;  this  compared  with  the  rise  in 
temperature  of  the  water  enabled  him  to  determine  that  the 
value  of  one  heat-unit  estimated  from  39**  to  40°  F.  was  equiv- 
alent to  772  foot-pounds.  Later  investigation  has  slightly  in- 
creased this  result,  so  that  when  reduced  to  a  temperature  of 
62  degrees  F.,  and  for  this  latitude,  it  is  6  foot-pounds  greater, 
so  that  at  present  the  work  equivalent  of  one  heat-unit  is 
generally  regarded  as  778  foot-pounds.  This  signifies  that  the 
work  of  raising  i  lb.  778  feet  is  equivalent  to  the  energy  re- 
quired to  change  the  temperature  of  i  lb.  of  water,  at  62**  F. 
in  temperature,  i  degree. 

The  equivalent  value  of  heat  and  mechanical  work  is  now 
thoroughly  established,  and  under  favorable  conditions  the  one 
can  always  be  transformed  into  the  other.  As  illustrations  of 
the  transformation  of  heat  into  work  we  have  only  to  consider 
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\  numerous  forms  of  steam-engines,  gas-engines,  and  the  like. 
I'tTansformation  from  mechanical  work  into  heat  is  shown  in 
me  rise  of  temperature  accompanying  friction  in  the  use  of 
machines  of  all  classes.  The  heat  produced  in  the  perform- 
ance of  any  mechanical  work  is  exactly  equivalent  to  the  work 
accomplished,  778  foot-pounds  of  mechanical  work  being  per- 
tormed  in  order  to  produce  a  heating  effect  equivalent  to  rais- 
ing I  lb.  of  water  i"  Fahr. 

The  term  horse-power  has  been  used  as  the  measure  of  the 
..[iiount  of  work.  It  has  been  fixed  as  33,000  foot-pounds  per 
minute.  This  is  equivalent  to  42.42  B.  T.  U.  per  minute,  or 
to  746  watts  in  electrical  measures.  Kor  the  work  done  in 
one  second  the  above  numbers  should  be  divided  by  60;  for 
ihat  done  in  one  hour  they  should  be  multiplied  by  60.  In  all 
English-speaking  countries  the  capacity  of  engines  and  ma- 
chinery in  general  is  expressed  in  horse-power,  so  that  it  is 
necessary  to  become  familiar  with  this  term  and  its  equivalents 
in  heat  and  electrical  units. 


The  electrical  units  are  all  based  on  French  measures,  the  cenii- 
Bire  (0.3937  inch*  being  the  standard  of  length,  the  gramme  (15.432 
■ins)  the  standard  of  mass,  and  the  second  the  unit  o[  time;  the 
item  being  generafly  denominated  the  C.  G.  S.  system.  In  this 
leoi  the  unit  of  force,  the  dyne,  la  1  gramme  moved  so  as  to  acquire 
city  of  one  centimetre  per  second.  As  the  force  of  gravity  in  lati- 
pe  of    Paris  is  33.2  feet  =981  cm.,  the  dyne  is  equal  to  the  weight 

Kl.  expressed  in  grammes  divided  by  981.  for  latitude  of  Paris. 
I  The  unit  of  work  and  of  energy  is  called  an  erg  and  is  equal  to  the 
e  of  one  dynr  acting  through  one  centimetre,  or  to  a  grammc-cenii- 
btre  divided  by  981. 

I  One  million  ergs  is  equal  to  0.0738  foot-pound. 

I  One  watt  is  equal  to  10  million  ergs  per  second,  or  738  foot-pounds 
If  «econd. 
One  caloric  is  «,ooo  million  ergs,  one  minor  calorie  42  million  ergs- 
One  B.  T.  U.  is  10,550  million  ergs. 


Esprcased  In  worlc  we  have  the  following  equivalent! 

E  power 
I 


746  watts  =  550  foot-pounds  per  second 
0,707  B.  T.  U.  per  second, 
0.1767  calories  per  second 
176.7  minor  calories  per  second 
7460  millions  of  ergs  per  second. 
(See  full  table  of  equivalents  in  back  of  book.) 


6  HEATING  AND    VENTILATING   BUILDINGS, 

6.  Temperature— Absolute  Zero. — One  of  the  properties 
of  heat  is  called  temperature  ;  this  property  can  be  measured 
by  a  thermometer  and  is  proportional  to  the  intensity  of  the 
heat.  All  our  knowledge  of  heat,  as  obtained  by  the  sensation 
of  feeling,  deals  only  with  the  temperature,  and  the  terms  in 
common  use  by  means  of  which  bodies  are  compared  and 
denominated  hot,  hotter,  hottest,  have  reference,  not  to  the 
heat  actually  in  the  different  bodies,  but  to  the  temperature. 

There  is  always  a  tendency  for  heat  to  flow  through  inter- 
vening mediums  from  a  hotter  to  a  colder  body,  and  there 
is  no  tendency  for  heat  to  flow  from  a  cold  to  a  hot  body, 
although  the  relative  amounts  of  heat  in  the  two  bodies  might 
be  different  from  that  indicated  by  the  thermometer.  Thus,  as 
an  illustration,  a  pound  of  water  requires  about  eight  times  as 
much  heat  to  raise  it  one  degree  in  temperature  as  a  pound  of 
iron,  and  hence,  when  equal  weights  of  both  of  these  materials 
are  at  the  same  temperature  the  water  contains  eight  times  as 
much  heat  as  the  iron,  although  in  common  parlance  the  two 
bodies  would  be  equally  hot. 

The  tendency  for  the  hotter  body  to  cool  off  and  give  up 
its  heat  to  surrounding  objects  is  characteristic  of  all  materials, 
and  if  no  other  heat  were  supplied  all  bodies  would  come  sooner 
or  later  to  one  common  temperature.  This  temperature,  when 
finally  reached  by  all  bodies  in  the  universe,  will  represent  the 
ultimate  limit  of  all  cooling  and  almost  the  entire  absence  of 
heat.  It  will  be  near  absolute  zero  for  all  thermometric  scales, 
and  no  greater  cold  will  be  possible  or  even  conceivable.  The 
inter-planetary  space  is  believed  by  many  to  be  very  nearly  at 
this  limit,  at  the  present  time.  Scientific  men  have  made  ver>' 
careful  determinations  to  ascertain  what  such  a  temperature 
must  be,  compared  with  the  ordinary  thermometric  scales. 

A  perfect  gas  which  remains  under  constant  pressure  will 
contract  in  volume  an  amount  directly  proportional  to  the 
change  of  temperature  when  reckoned  from  the  point  of  great- 
est cold,  which  point  is  known  as  the  absolute  zero.  By  experi- 
ment it  is  found  that  when  air  is  at  a  temperature  of  32  degrees 
its  volume  is  reduced  one  part  in  492  each  time  that  the  tem- 
perature is  lowered  one  degree.  From  this  fact  it  has  been 
concluded  that  the  absolute  zero  is  492  degrees  on  the  Fahren- 
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licit  scale  or  273  degrees  on  the  Centigrade  scale,  below  th* 
(rcezing-poiiit  of  water.  Strictly  speaking  there  is  no  perfect! 
gas,  yci  the  results  obtained  with  different  gases  by  different  ob- V 
servers  are  so  nearly  in  accoid  that  there  is  no  question  but  that  ' 
the  results  as  given  above  are  for  all  practical  purposes  correct. 

7.  Thermometer  Scales. — The  thermometer  is  an  instru< 
ment  used  to  measure  temperature.     The  effect  of  heat  is  tol 
expand  or  to  increase  the  volume  of  most  bodies.    For  perfcctl 
gases  the  amount  of  this  expansion  is  strictly  proportional  ia| 
the  change  of  temperature ;  for  liquids  and  solids  the  expansion, 
while  not  exactly  proportional  to  the  increase  of  temperature, 
is  very  nearly  proportional  to  it,  and  these  bodies  can  be  used 
for  an  approximate  and  even   a  close  measure  of  difference  of 
temperature.     In  nearly  all  thennometers  the  temperature  is 
measured  by  the  expansion  of  some  body,  mercury,  alcohol,  or   , 
air  being  commonly  used  as  the  thermometric  substance. 

rhe  first  thermometer  was  probably  made  by  Galileo  before 
1597,  It  consisted  of  3  glass  bulb  contafning  air,  terminated 
below  in  a  long  glass  tube  which  dipped  into  a  vessel  I 
containing  a  colored  fluid.  The  variations  of  volume 
of  the  enclosed  air  caused  the  fluid  to  rise  or  fall  in  the 
lube,  the  temperature  being  read  by  an  arbitrary  scale. 
Alcohol  thermometers  were  in  use  as  early  as  1647,  ' 
being  made  by  connecting  a  spherical  bulb  with  a 
long  glass  stem,  on  which  graduations  were  made  by 
beads  of  blue  enamel  placed  in  positions  correspond- 
ing to  one  thousandths  of  the  volume. 

Fahrenheit,  a  German  merchant,  in  172)  was  the  | 
first  to  make  a  mercurial  thermometer,  and  the  instru- 
ment which  he  designed,  with  certain  modifications,  has 
been  retained  in  use  by  the  English-speaking  people  up 
lo  the  present  time.  Fahrenheit  took  as  fixed  points 
the  temperature  of  the  human  body,  which  he  called  24 
degrees,  and  a  mixture  of  salt  and  sal-ammoniac,  which 
he  supposed  the  greatest  cold  possible,  as  zero.  On  OKi.iMtKv 
this  scale  the  freezing-point  is  8  degrees.  These  ^'"^  '"' 
degrees  were  afterwards  divided  into  quarters,  and  m.  ricttn- 
Uier  these  subdivisions  themselves,  termed  degrees.  *""^^tkii. 
On  this  modified  scale  the  freezing  point  of  water  becomes  33 
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degrees,  blood-heat  96*  degrees,  and  the  point  of  boiling  water 
at  atmospheric  pressure  212  degrees.  Unscientific  as  this 
thermometer  is,  it  has  been  retained  by  two  of  the  principal 
nations  of  the  world,  the  English  and  the  American ;  it  is 
awkward  to  use,  it  was  borrowed  from  a  foreign  nation  which 
had  itself  adopted  a  more  scientific  instrument,  and  except  for 
the  fact  that  it.  has  been  long  in  use  it  has  not  a  single  feature 
to  recommend  it. 

In  1724  Delisle  introduced  a  scale  in  which  the  boiling- 
point  of  water  was  called  zero  and  the  temperature  of  a  cellar 
in  the  Paris  Observatory  was  called  100  degrees.  This  ther- 
mometer was  used  for  many  years  in  Russia,  but  is  now  obso- 
lete. In  1730  Reaumur  made  alcohol  thermometers  in  which 
the  boiling-point  of  water  was  marked  80  degrees.  This 
thermometer  is  still  in  use  in  Russia. 

Celsius  adopted  a  centesimal  scale  in  1742  on  which  the 
boiling-point  was  marked  zero  and  the  freezing-point  of  water 
100  degrees.  This  instrument  is  not  now  in  use,  although  the 
centigrade  scale  is  often  called  after  Celsius.  The  botanist 
Linnaeus  introduced  the  centigrade  thermometer,  in  which 
the  freezing-point  of  water  is  marked  zero  and  the  boiling- 
point  of  water  100  degrees.  This  themometer  is  now  adopted 
for  ordinary  use  by  the  nations  of  continential  Europe  and  for 
scientific  use  by  every  nation  in  the  world. 

The  relative  values  of  the  degrees  on  the  different  ther- 
mometers used  by  various  nations  are  given  in  the  following 
table : 

THERMOMETRIC  SCALES. 


Deffrees  between  freezing  and  boiling. 

Temperature  at  freezing-point 

Temperature  at  boiling-point 

Comparative  length  of  degree 

It  ti       <«         << 

Countries  where  used  


Fahren- 
heit. 

Centigrade. 

Reau- 
mur. 

180 

100 

80 

32 

0 

0 

212 

100 

80 

5/9 

9/5 

I 

9/4 
5/4 

England 
and 

France 
and 

Ruflria 

America 

Germany 

Celsius. 


100 

100 

O 

9/S 


*  As  determined  later,  this  should  be  98* 
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In  all  tiiermometric  scales  as  given  above,  fixed  points  are 
determined  by  reference  to  the  freezing  and  boiling  points  o[ 
water,  with  barometer  at  29.92  inches,  and  all  thermometers 
are  constructed  by  marking  these  two  points  and  then  subdi- 
viding into  the  required  number  of  degrees.  The  boihng- 
point  of  water  changes  with  the  atmospheric  pressure  and  with 
the  purity  of  the  water.  The  greater  the  pressure  the  higher 
ihc  boiling-temperature.  A  table  in  the  Appendix  of  this  book 
^Uows  the  relation  between  the  barometer  pressure  and  the 
nperature  of  boiling  water  at  atmospheric  pressure,  Mer- 
Ecur)',  alcohol,  h'quids  and  solids  generally  do  not  expand 
jHniformly  for  each  degree  of  temperature,  or,  in  other  words, 
iiey  are  not  perfect  thermomclric  substances.  The  error, 
iowevcr,  is  slight  and  is  of  more  scientific  than  practical  im- 
'  portance.  Any  perfect  gas,  however,  does  expand  uniformly 
and  is  a  perfect  thermometric  substance,  but  gas  varies  in 
volume  with  slight  change  in  barometric  pressure,  and,  while 
of  great  value  as  material  for  a  scientific  thermometer,  is  too 
bulky  and  awkward  for  ordinary  use.  It  is  at  the  present 
lime  considered  doubtful  if  there  is  any  perfect  gas  in  exist- 
ence, or  one  which  cannot  be  liquefied  by  intense  cold  or  great 
pressure.  Air,  hydrogen,  and  nitrogen  act  like  perfect  gases  at 
ordinary  temperatures;  the  same  is  true  in  a  slightly  less 
degree  of  oxygen.  Yet  oxygen  is  a  liquid  whose  boiling- 
point  is  119  degrees  centigrade  (182  degrees  Fahrenheit) 
below  zero.  Nitrogen  and  air  are  liquids  boiling  at  a  temper- 
ature of  193  degrees  centigrade  (315  degrees  Fahrenheit) 
below  zero.  Piclet  and  Cailletet  have  reduced  the  temper- 
ature to  200  degrees  C.  below  zero,  finding  air  at  that  tempera- 
ture to  be  a  liquid  as  limpid  as  water  and,  like  water,  having  a 
ilecidt-d  blue  tint  when  seen  by  transmitted  light. 

8.  Special  Forms  of  Thermometers. — The  mercurial  iher- 
l^ometcrs,  as  ordinarily  constructed  (Fig.  1 ),  consist  of  a  bulb 
^W  ^lass  joined  to  a  capillary  glass  tube  filled  so  as  to  leave  a 
^^BUirni  in  the  upper  part  of  tiie  glass  stem,  above  the  mer- 
^^by:  they  cannot  be  used  for  any  temperature  higher  than 
^BttoE  Ihe  boiling-point  of  mercury,  which  is  about  575°  F. 
^H  'hermoincters  have  been  filled  with  nilro- 

^H  n  the  upper  part  of  the  glass  stem, 
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which  by  pressure  prevents  the  mercury  boiling.  Thermom- 
eters constructed  in  this  way  can  be  used  safely  in  temperatures 
as. high  as  the  melting-point  of  ordinary  glass,  say  to  iooo°  F. 
Mercurial  thermometers  are  made  in  various  ways;  the 
cheaper  ones  have  graduations  on  an  attached  frame  of  wood 

8  or  metal.  Fig.  i,  but  the  more  accurate  and  better  grades 
have  the  graduations  cut  directly  on  to  the  glass  stem. 
Fig.  2.  It  has  been  found  that  the  glass  from  which 
these  thermometers  are  made  changes  volume  slowly  for 
many  months  after  construction,  so  that  it  is  necessary 
to  fill  the  thermometer  with  mercury  a  long  time  before 
graduation.  In  the  better  grade  of  thermometers  the 
graduations  are  obtained  by  comparing  point  by  point 
with  an  accurate  standard;  in  the  cheaper  ones  by  sim> 
ply  subdividing  into  equal  parts  between  freezing  and 
boiling  points.  At  very  low  temperatures  (—38°  F.)  mer- 
cury solidifies  and  its  rate  of  expansion  changes ;  alcohol 
or  spirits  of  similar  nature  are  not  so  affected,  and  hence 
are  better  suited  for  use  in  thermometers  for  measuring 
extremely  low  temperatures.  Air  thermometers,  while 
rather  difficult  to  use  and  of  somewhat  clumsy  construe- 
,  tion,  are  accurate  through  any  range  of  temperature. 
These  are  made  either  by  confining  the  air  in  a  constant  vol- 
ume and  measuring  the  increase  in  pressure  (Fig.  3),  or  else  by 
maintaining  the  pressure  constant  and 
noting  the  increase  in  volume.  If  the 
volume  be  maintained  constant,  the 
pressure  will  increase  directly  propor-  „*,  • 
tional  to  the  increase  in  absolute  tem> 
perature.  In  the  air  thermometer  (Fig. 
3)  the  volume  is  kept  constant  and 
the  increase  in  pressure  is  measured 
by  the  rise  of  mercury  in  the  tube 
OC  above  the  line  AB.  That  is,  in 
passing  from  the  freezing  to  the  boil- 
ing point  of  water,  the  barometer  being  Fig.  3.  — Air  Thermoms- 
at     29.92,     the     pressure    will   increase  '•'""■ 

180/492,35  expressed  on  the  Fahr.  scale,  or  100/273  on  the 
Cen.  scale. 


I 


INTROD  VCTION,  1 1 

The  dMermination  ot  temperature  wiili  the  air  ihcrmometcr,  even  il 

Ithc  insimmcnt  is  calibmtcd  to  rcarl  in  degrees,  needs  a  corretiion  for 

Ibiimmcter-rrBding,  since  the  height  lo  which  tlie  mercury  will  rise  In 

ic  tutu.-  wilt  (IcprntI  nn  the  pressure  nf  the  air,     The  directions  for  using 

c  instrument  w<iuld  be;   ist.  Find  the  constant  of  the  insirumeni  by 

■  pulting  (he  bulb  in  melting  ice.  and  dividing  the  absolute  temperature. 

r.  by  the  sum  nf  biiro meter' reading  ;iiid  reading  of  tube  of  the  thcr- 

meter:  zd.  To  find  any  temperdture,  multiply  the  I'liw.f/fiA/ as  found 

ive  by  the  sum  of  barometer- reading  and  reading  of  ihernn^meter. 

d  subtract  from  this  product  460°. 

N'JTEi— In  using  the  iiisirunieni  always  keep  the  mercury  at  or  nrar 
I  point  A.  so  as  to  keep  volume  of  air  constant. 

9.  Pyrometers  and  Thermometers  for  High  Temper- 
atures.—  Most  metals  have  rates  of  expansion  winch  differ 
sensibly  from  each  other,  and  this  fact  has  been  utilized  in  the 
on&truction    of  thermometers. 

Metallic  thermometers  are  frequently 
Pused  for  high  temperatures  and  have  often  I 
been  called  pyroinelers.  If  two  bars  of 
metal  with  unequal  rates  o(  expansion  be 
fastened  together  at  one  end  and  heated, 
tile  difference  of  extension  of  the  two 
ends  can  be  ulilizod  in  moving  a  hand 
over  a  dial  graduated  to  show  change  of 
temperature  (Fig,  4).  The  metal  may  also 
be  bent  into  the  form  of  a  helix,  in  which 
case  the  heating  will  tend  to  change  the 
curvature  and  thus  move  a  hand  which 
can  be  used  to  measure  the  temperature, 
ictcr  consisting  of  an  iron 
bulb  and  a  dial,  very  much  like  tlie 
metallic  pyrometer  in  appearance,  is  made 
by  filling  the  bulb  with  elher  or  hydro- 
carbon vapor,  and  constructing  it  on  the 
'same  principle  as  gauges  used  to  register 
Ipressure  on  boilers.  The  vapor  has  a 
■temperature  corresponding  to  a  given 
lurc,  so  that  the  dial  can  be  calibrated 
to  read  in  degrees  of  temperature  instead 
of  pounds  of  pressure.  Metallic   PvaoMtriK. 
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These  instruments  are  extremely  convenient  and  answer 
admirably  for  temperatures  not  exceeding  1000°  F. 

Calorimetric  Pyrometers. — ^The  principle  of  operation  used 
in  determining  specific  heat,  Art.  13,  can,  if  the  specific  heat 
is  known,  be  employed  to  ascertain  the  temperature  of  any 
hot  body. 

Temperature  by  the  Color  of  Incandescent  Bodies  and  by  Melt- 
ing-points,— Pouillet,  as  the  result  of  a  large  number  of  experi- 
ments, concluded  that  all  incandescent  bodies  have  a  definite 
and  fixed  color  corresponding  to  each  temperature. 

This  color  and  temperature  scale  was  given  as  follows : 


Color. 


Faint  red 

Dark  red 

Faint  cherry.. 

Cherry 

Bright  cherry. 
Dark  orange . . 
Bright  orange. 
White  heat  . . . 
Bright  white. . . 
Dazzling  white 


Temp.  C. 

Temp.  F. 

525 

977 

700 

1295 

800 

1652 

900 

1652 

1000 

1932 

1160 

1850 

1200 

2192 

1300 

2372 

1400 

2552 

1500 

2732 

This  scale  applies  only  to  bodies  that  shine  by  incandescent 
light  and  not  from  actual  combustion.  A  pyrometer  making 
practical  application  of  this  scale  has  been  invented  by  Noel^ 
and  consists  of  a  telescope  with  polarizing  attachment  and  a 
scale  so  fixed  as  to  read  the  angle  through  which  a  part  of  the 
instrument  turns  while  a  sudden  transition  of  color  takes  place. 

Temperature  by  the  Melting-points  of  Bodies, — The  melting- 
points  of  bodies  often  provide  an  excellent  means  of  deter- 
mining temperature.  The  temperature  is  obtained  by  using 
metallic  alloys  having  known  melting-points,  it  being  higher 
than  those  which  have  melted,  but  lower  than  those  which 
remain  unmelted.  A  table  of  temperature  of  melting-points 
is  given  in  the  Appendix.  In  Germany  a  carefully  prepared 
set  of  alloys  can  be  purchased  for  temperature  determinations 
in  this  manner. 

10.  Maxima  and  Minima  Thermometers. — The  ordinary 
method  of  making  a  thermometer  for  recording  the  highest 
temperature  is  by  introducing  a  small  piece  of  steel  wire  about 
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!Rn  inch  in  length  and  finer  than  the  bore  of  the  thermom- 

l"«tcr  into  the  tube  above  the  mercury,  in  a  mercurial  thermom- 

Icter.     The  thermometer  is  placed  with  its  stem  in  a  horizontal 

r  position,  and  the  steel  index  is  brought  into  contact  with  the 
Tiity  of  the  column  of   mercury.      Now  when  the  heal 

'  increases  and  the  mercury  expands  the  steel  wire  will  be  thrust 
forward ;  but  when  the  temperature  falls  and  the  mercury 
contracts  the  index  will  be  left 
behind,  showing  the  maximum 

L  temperature.       For     showing 

I  minimum  temperature  a  spirit 

I  thermometer    prepared    in    a 

IjlmiUr  manner  is  used,  as  the 

\  spirits  in  contracting  draw  the 

k  index  with  the  alcohol  because 

■of  the  capillary  adhesion   be- 

Ttwccn  the  alcohol  and  the 
klass;    but  when   the   alcohol 

ftexpands  it  passes  by  the  index, 

rwithout  displacing  it,  so   that 

uts  position  shows  the  lowest 
«mperature  to  which  the  in- 
Itrument  has  been  subjected. 
Use    of    Thermom- 

(.eters. — In  the  use  of  ther- 
mometers for  determining  the 

■  temperature  of  the  air.  they 
should  be  exposed  to  unob- 
structed  circulation   in   a  dry 

I  place  and  in  the  shade.  Any 
Lllrops  of  moisture  on  the  bulb 
ttf  the  thermometer  lend  to  evaporate  and  lower  the  tem- 
icraiure.  For  determining  the  temperature  of  steam  or  water 
mdef  pressure  thermometers  are  set  into  a  brass  frame  so  that 
^cy  will  screw  directly  into  the  liquid  (Fig.  5)  without  per- 
mitting leakage.  In  other  cases  the  thermometer  c;in  be  in- 
Irrted  into  a  cup  made  as  shown  in  Fig.  6.  Cylinder-oil  or 
tacrcury  is  put  into  the  cup,  and  the  reading  of  the  thcrmom- 
■  will  then  indicate   the   temperature  of   the  surrounding 
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fluid.  When  the  thermometer  is  inserted  into  a  cup  some 
time  will  be  required  to  obtain  the  correct  temperature. 
The  temperature  of  steam-pipes  or  hot-water  pipes  cannot 
be  obtained  accurately  by  any  system  of  applying  the 
thermometers  externally  to  the  pipes,  and  in  case  ther- 
mometers are  used  they  should  be  set  deep  into  the  current 
of  flowing  steam  or  water,  not  placed  in  a  pocket  where  air 
can  gather. 

12.  Specific  Heat. — ^The  capacity  which  bodies  have  of 
absorbing  heat  when  changing  temperature  varies  greatly; 
for  instance,  the  same  amount  of  heat  which  would  raise  one 
pound  of  water  one  degree  in  temperature  would  raise  about 
8  pounds  of  iron  i  degree  in  temperature  or  would  raise  i 
pound  8  degrees  in  temperature.  The  term  used  to  express 
this  property  of  bodies  is  specific  heat^  which  is  defined  as 
follows :  Specific  heat  is  the  quantity  of  heat  required  to  raise 
the  temperature  of  a  body  one  degree,  expressed  in  percent- 
age of  that  required  to  raise  the  same  amount  of  water  one 
degree,  or  in  other  words  with  water  considered  as  one.  Specific 
heat  can  always  be  found  by  heating  the  body  to  a  given 
temperature,*cooling  it  in  water,  and  noting  the  increase  in 
temperature  of  water.  Thus  if  i  pound  of  iron  in  cooling 
8  degrees  heats  one  pound  of  water  one  degree,  its  specific  heat 
is  J  :=  0.125.  A  table  of  specific  heats  of  the  principal  materials 
is  given  in  the  back  of  the  book,  from  which  it  will  be  seen 
that  the  specific  heat  of  water  is  greater  than  that  of  any 
other  known  substance. 

A  knowledge  of  the  specific  heat  of  various  materials  is  of 
considerable  importance  in  the  design  of  heating  apparatus, 
since  it  indicates  the  capacity  for  absorbing  heat  without  in- 
crease of  temperature.  The  heat  which  is  absorbed  in  raising 
the  temperature  of  a  body  is  all  given  out  when  the  body  cools, 
so  that  although  there  is  a  difference  in  the  amount  absorbed, 
there  is  no  difference  in  the  final  result  due  to  heating  and 
cooling. 

The  total  heat  which  a  body  contains  is  equivalent  to  the 
product  obtained  by  multiplying  difference  of  temperature, 
specific  heat  and  weight.  The  results  will  be  expressed  in 
heat-units  or  in  capacity  of  heating  one  pound  of  water. 
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The  specific  heat  of  bodies  in  general  increases  slightly  with 
the  itfitiperature,  the  values  in  the  table  being  true  from  33" 
to  312°. 

13.  Latent  Heat. — When  heat  is  applied  to  any  liquid  the 
temperature  will  rise  until  the  boiling-point  is  reached,  after 
whtcii  heat  will  be  absorbed ;   but   the  temperature  will   not 

Mngc  until  the  entire  process  of  evaporation  is  complete,  or 

bttil  the  liquid    is  all   converted    into  vapor.     The   heat  ab- 

Hbed  during   evaporation    has    been  termed  latent,  since   it 

i  not   change  the  temperature  and  its   effects  cannot    be 

■easurcd  by  a  thermometer.      In   the  evaporation  of  water 

tout  five  and  one-half  times  as  much  heat  is  required  to  cvap- 

nrale  the  water  when  at  212  degrees,  into  steam  at  the  same 

nnpcrature.  as  to  heat  the  water  from  the  freezing  to   the 

jOiling   point.       Heat    stored    during   evuporatioa    is    given 

Wt  when  the  vapor  condenses,  so  that  there   is  no   loss   or 

the  total   operation    of    evaporating  and  condensing, 

■A  similar  storage  of  heat  takes  place  when  bodies  pass  from 

the  solid  to  the  liquid  state,  but   in  a  less  Scgree.     Although 

similar  in  some    respects,   latent   heat  differs  in   nature  from 

Kcific  heat.     In  both  cases,  heat  not  measured  by  the  ther- 

IOmeter    is    stored :  when    the    temperature    is    lowered  the 

[ored  heat  is  given  up  in  both  cases:  in  the  first  it  represents 

[  change   in    the    physical  condition,  as    from    a  solid   to  a 

Iquid  or  a  liquid  to  a  gas :  in  the  second  the  condition  remains 

Inchanged. 

14.  Radiation. — Heat  passes    from   a  warmer   body  to  a 
k' colder  by  three  general  metJiods,  eacJi  of  which  is  of  consider- 

nportancc  in  connection  with  the  methods  of  heating. 
Ibesc  methods  are  radiation,  <oniiuctiott,  and  conveciioH.  The 
|e3t  which  leaves  a  body  by  radiation  travels  directly  and  in 
Istraighl  line  until  it  is  intercepted  or  absorbed  by  some  oilier 
(dy.  Radiant  heat  obeys  the  same  laws. as  light,  its  amount 
prying  inversely  as  the  square  of  the  distance,  and  with  the 
Bic  of  the  angle  of  inchnatipn.  The  amount  of  radiant  heat 
liich  is  emitted  or  which  is  absorbed  depends  largely,  if  not 
Blogethcr,  upon  the  character  of  the  surface  of  the  hot  and 
■iUbody;  it  is  found  by  experiment  that  the  power  of  ab- 
brbing  radiant  heat  is  exactly  the  same  as  that  of  emitting 
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it.     The   relative   amount   of    lieat  emitted   or  absorbed   by 
different  surfaces  is  given  in  the  following  table. 

RELATIVE   EMISSIVE  POWERS  AT  THE  BOILING  TEMPERATURE. 


Shellac 7J 


Polished  brass 7 

Copper 7 

Polished  gold 3 

Polished  silver 3 


Radiant  heat  passes  through  gases  without  affecting  their 
temperature  or  being  absorbed  to  any  appreciable  extent.  It 
is  probably  true  that  a  very  large  body  of  air,  especially  air 
containing  watery  vapor,  does  absorb 
radiant  heat,  for  it  is  known  that  the 
earth's  atmosphere  intercepts  a  sen- 
sible proportion  of  the  heat  radiated 
from  the  sun. 

15.  Reflection  and  Transmis- 
sion of  Radiant  Heat.— Radiant 
heat,  like  light,  may  be  reflected  and 
■  Heat,  sent  in  various  directions  by  materials 
Thus  in  Fig.  7  heat  radiated  from  A"  is  re- 
flected to  L,  and  vice  versa.  The  following  table  shows  the 
proportion  of  radiant  heat  which  would  be  reflected  by  various 
substances: 


Fig.  7— Reflection 
of  various  kinds. 


Silver-plate.. 

Goia 

Spcculum-mel 


REFLECTING  POWER. 


.  85 


Radiant  heat  also  possesses  the  property  of  passing  through 
certain  substances  in  very  much  the  same  manner  that  light 
will  pass  through  glass.  This  property  is  called  diathermancy. 
The  following  table  gives  the  diathermanous  value  of  various 
substances,  the  heat  being  obtained  from  a  lamp.  The  trans- 
mission power  varies  with  the  source  of  heat. 
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PER    CENT    OF     HEAT  TRANSMITTED    THROUGH     DIFFERENT 

SUBSTANCES. 

WHEN   RECEIVED  FROM  AN   ARGAND   LAMP  (DESCHAUD'S  PHYSICS). 


Solids. 

Color Uss  Glass  1.88  mm,  thick. 

Flint-glass from  67  to  64^ 

Plate-glass  62  to  59 

Crown-glass  (French) 58 

Crown-glass  (English)       49 

Window-glass 54  to  50 

Colored  Glass  1.85  mm,  thick. 

Deep  violet 53 

Pale  violet 45 

Very  deep  blue 19 

Deep  blue 33 

Light  blue 42 

Mineral-green 23 

Apple-green 26 

Deep  yellow 40 

Orange 44 

Yellowish  red 53 

Crimson 51 


Liquids  9.21  mm.  thick. 

Colorless  Liquids, 

Distilled  water \\% 

Absolute  alcohol 15 

Sulphuric  ether 21 

Sulphide  of  carbon 63 

Spirits  of  turpentine 31 

Pure  sulphuric  acid 17 

Pure  nitric  acid 15 

Solution  pf  sea  salt I2 

Solution  of  alum i« 

Solution  of  sugar \% 

Solution  of  potash 13 

Solution  of  ammonia is 

Colored  Liquids. 

Nut-oil  (yellow) 31 

Colza-oii  (yellow) 30 

Olive-oil  (greenish  yellow) 3a , 

Oil-carnations  (yellowish) 26 

Chloride  sulphur  (reddish  brown)..  63 

Pyroligneous  acid  (brown) 12 

White  of  egg  (slightly  yellow) ....  11 


CRYSTALLIZED  BODIES  63.62  mm.  THICK. 


Colorless. 

Rock-salt 92^ 

Iceland  spar 12 

Rock-crystal 57 

Brazilian  topaz 54 

Carbonate  of  lead 52 

Borate  of  soda 26 

Sulphate  of  lime 20 

Citric  acid 15 

Rock-alum ...  12 


Colored. 

Smoky  quartz  (brown) 575^ 

Aqua-marina  (light  blue) 29 

Yellow  agate 29 

Green  tourmaline -27 

Sulphate  of  copper  (blue) o 


z6.  Diffusion  of  Heat. —  Various  materials  possess  the 
property  of  reflecting  the  radiant  heat  in  such  a  manner  as  to 
diffuse  it  in  all  directions,  instead  of  concentrating  the  heat  in 
any  one  direction.  If  the  heat  were  all  returned,  the  tempera- 
ture of  the  body  would  not  rise,  but  would  remain  constant. 
The  diffusive  power  as  determined  by  Laprovostaye  and 
Desains  was  found  to  be  as  follows  for  the  following  substances, 
the  heat  received  being  100 : 

White-lead 82 

Powdered  silver 76 

Chromate  of  lead 66 
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17.  Conduction  of  Heat. — When  heat  is  applied  to  one 
end  of  a  bar  of  metal  it  is  propagated  through  the  substance 
of  the  bar,  producing  a  rise  of  temperature  which  gradually 
travels  to  the  remote  portions.  This  transmission  of  heat  is 
called  conduction.  It  differs  from  radiation,  first,  in  being 
gradual  instead  of  instantaneous;  second,  in  exhibiting  no 
preference  for  travelling  in  straight  lines,  the  propagation 
being  as  rapid  through  a  crooked  as  a  straight  bar.  In  heating 
a  body  the  heat  is  at  first  largely  absorbed  by  the  body  with- 
out changing  its  temperature,  then  for  a  time  it  is  applied  in 
raising  the  teniperature ;  the  time  required  for  this  operation 
will  depend  upon  its  specific  heat.  After  a  certain  time  the 
temperature  of  the  body  will  remain  constant,  the  heat  being 
removed  as  rapidly  as  it  reaches  a  given  position,  and  in  this 
case  we  have  an  illustration  of  the  transmission  of  heat  by 
conduction.  The  amount  of  heat  which  passes  is  directly  pro- 
portional to  the  area  of  cross-section,  to  the  difference  of 
temperature  divided  by  the  thickness,  and  to  a  coefficient 
which  depends  upon  the  character  of  the  material.  The  coeffi- 
dent  is  the  quantity  of  heat  which  flows,  in  unit  time,  through 
a  cross-section  of  unit  area,  when  the  thickness  of  the  plate  is 
unity  and  the  difference  of  temperature  is  one  degree.* 

The  conducting  power  of  materials  varies  greatly.  The 
metals  are  in  general  good  conductors  of  heat,  but  differ 
greatly  among  themselves.  The  following  table  gives  the 
relative  values  of  the  conducting  powers  for  different  metals : 

RELATIVE  CONDUCTING   POWERS. 


Silver  . .    100 

Copper .  77.6 

Gold   53.2 

Brass 33 

Zinc 19.9 

Tin 14.5 


Steel 12 

Iron 17 

Lead 8.5 

Platinum 8.2 

Palladium 6.3 

Bismuth 1.9 


Rocks  and  earthy  materials  have  very  much  less  power  of 
conducting  heat  than  the  metals.    Table  XIV  in  the  back  part 


This  can  be  expressed  in  a  formula  as  follows  : 


Q=kA 


X 


in  which  Q  —  quantity  of  heat,  k  =  coefficient,  A  =  area,  x  =  thickness,  /t  —  fi 
*=  difference  of  temperature  on  the  two  sides  of  the  plate. 
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licicnt  of  various  mate- 
ials  ill  terms  of  tlic-  absolute  amount  of  heat  conveyed.  The 
itive  conductive  powers  of  stone  is  about  4  per  cent  of  that 
iron  and  i  of  one  percent  of  that  of  copper.  The  conduct- 
power  of  woods  does  not  differ  greatly  from  that  of 
Water,  and  is  about  ij  per  cent  of  that  of  iron.  The  conduct- 
ing power  ol  the  air  and  gases  is  very  small,  and  for  practical 
purposes  may  be  considered  as  zero.  As  compared  with  iron 
ihe  conducting  power  is  about  as  1  to  3500.  A  knowledge  of 
the  conductive  powers  of  bodies  is  of  very  great  importance 
in  connection  with  the  loss  of  heat  in  buildings  of  various 
classes. 

The  bodily  sensation  of  heat  or  cold  is  affected  to  a  great 
extent  by  the  conducting  power  of  the  materia!  with  which  the 
body  comes  in  contact.  Thus  if  the  hand  were  placed  upon  a 
metal  plate  at  a  temperature  of  40  degrees,  or  plunged  into 
mercury  of  the  same  temperature,  a  very  marked  sensation  of 
cold  is  experienced.  This  sensation  is  less  intense  with  a  plate 
of  marble  of  the  same  temperature,  and  still  less  with  a  piece 
of  wood.  The  reason  is  that  tlie  heat  is  more  rapidly  con- 
■ducted  away  in  the  case  of  the  metals,  and  this  causes  a  more 
marked  sensation  of  cold. 

Where  heat  is  applied  to  one  surface  of  a  metallic  body,  it 
basses  through  the  body  by  conduction  and  is  given  off  on  the 
Bppostle  side,  usually  to  the  air  or  to  bodies  in  the  surrounding 
lom,  by  radiation  and  convection.  It  will  be  found  that  the 
tatc  of  conduction  through  the  metallic  body  is  many  times 
Weater  than  the  rate  of  passage  of  the  heat  from  the  metallic 
tubstance.  The  knowledge  of  the  conductive  power  is  of  little 
braclical  importance,  as  regards  heating  surface,  because  of  this 
bet.  but  it  is  of  great  value  in  the  selection  of  materials  which 
prill  prevent  the  escape  of  heat  from  dwellings.  This  subject 
"will  be  taken  up  in  Chapter  III,  and  applications  given  show- 
ing the  loss  of  heat  from  different  constructions  of  building. 
18.  Convection  or  Heating  by  Contact — When  bodies 
I  motion  there  is  more  or  less  rubbing  contact  of  their 
Articles  with  each  other  and  against  stationary  objects.  When 
he  particles  rub  against  hot  bodies  they  will  themselves  be- 
tome  warm ;   it  is  on!y  by  such  motion  that  liquids  or  gases 
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can  be  heated  any  appreciable  amount.  The  heating  of  the 
air  of  a  room  is  practically  all  accomplished  by  currents,  which 
brings  the  particles  into  contact  with  radiators,  heated  pipes, 
or  even  the  walls  of  a  room.  If  the  air  enters  a  room  at  a 
higher  temperature,  then  by  the  reverse  process  the  heat  is 
given  up  to  the  colder  objects,  and  the  air  is  lowered  in  tem- 
perature. The  heating  of  water  in  steam-boilers  is  largely  due 
to  a  circulation  which  brings  the  particles  of  water  in  direct 
contact  with  highly  heated  surfaces,  so  that  the  heating  in  that 
case  is  accomplished  largely  by  convection. 

19.  Systems  of  Warming. — Any  general  consideration  of 
a  system  of  warming  must  include,  first,  the  combustion  of 
fuel  which  may  take  place  in  a  fireplace,  stove,  steam  or  hot- 
water  boiler ;  second,  a  system  of  transmission  by  means  of 
which  the  heat  shall  be  conveyed  with  as  little  loss  as  possible 
to  the  position  where  it  can  be  utilized  for  heating ;  third,  a 
system  of  diffusion  of  heat  so  that  it  shall  be  conveyed  from 
any  reservoir,  radiator,  etc.,  which  is  heated  to  objects,  persons, 
or  to  the  air  of  a  room,  in  the  most  economical  way  possible. 

In  case  stoves  are  used  the  heat  is  directly  applied  by 
radiation  and  convection  to  heating  the  objects  and  air  in  the 
room  in  which  the  stove  is  placed.  There  is  in  this  case  no 
special  system  for  the  transmission  of  heat.  In  the  case  of  hot- 
air  heating,  the  air  is  drawn  over  a  heated  surface  and  then 
transmitted  by  pipes  while  at  a  high  temperature  to  the  rooms 
where  heat  is  required.  In  the  case  of  steam-heating,  steam  is 
formed  in  a  boiler,  transmitted  through  pipes  to  radiators 
which  are  placed  either  directly  in  the  room  or  in  passages 
leading  to  the  rooms,  and  the  condensed  steam  is  returned 
either  directly  or  by  means  of  a  pump  to  the  boiler.  In  the 
case  of  hot-water  heating  the  general  system  is  much  the  same 
— water  instead  of  steam  circulates  from  the  heater  to  the 
rooms  where  heat  is  required  and  back  to  the  heater;  the 
motive  force  which  produces  the  circulation  being  the  differ- 
ence in  weight  between  the  hot  and  cold  water. 


CHAPTER  II. 
PRINCIPLES  OF  VENTILATION. 

20.  Relation  of  Ventilation  to  Heating.— Intimately 
coniiectcil  with  the  subject  of  Iieating  is  the  problem  of  main- 

aining  air  of  a  certain  standard  of  purity  in  the  various  build- 
bgs  occupied.     The  introduction  of  pure  air  can  only  be  done 

roperly  in  connection  with  the  system  of  heating,  and  any 
tystcm  of  heating  is  incomplete  and.  imperfect  which  does  not 

rovide  a  proper  supply  of  air. 
The    general   principles   relating    to   ventilation   are   con- 

[tiered  in  this  chapter,  but  the  practical  methods  of  securing 
Kntilation  are  considered  in  connection  with  systems  of  in- 

Ircct  heating. 

The  subject  of  ventilation  often   receives  very  little  con- 

kleration  in  connection  with  the  erection  of  apparatus  for 
lieating, 

21.  Composition  and  Pressure  of  the  Atmosphere- 
Atmospheric  air  is  not  a  simple  substance,  but  consists  of  a. 
mechanical  mixture  of  nitrogen  and  oxygen,  together  with 
Inorc  or  less  vapor  of  water,  and  almost  always  a  little  carbonic 
icid  and  a  peculiarly  active  form  of  oxygen,  known  as  ozone, 

'he  nitrogen  and  oxygen  are  combined  in  the  ratio  of  79.1  to 
\0.g  by  volume,  and  these  proportions  are  generally  the  same 
I  all  parts  of  the  globe,  and  at  all  accessible  elevations  above 
|ic  earth's  surface. 

The  amount  of  carbonic  acid  in  the  air  varies  in  the  open 
luntry  from  4  to  6  parts  in  10,000  by  volume.  The  amount 
f  moisture  in  the  atmosphere  sometimes  forms  4  per  cent  of 
s  entire  weight,  and  sometimes  is  less  than  one  tenth  of  one 
Iter  cent. 

The  weight  of  the  atmosphere  is  measured  by  the  height  in 
Inches  at  which  it  will  maintain  a  column  of  mercury  in  an  in- 
Prument  called  a  barometer.  The  pressure  of  the  atmosphere 
1  less  as  the  distance  from  the  centre  of  the  earth  becomes 
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greater.  For  that  reason  points  of  different  elevation  give 
different  average  readings  of  the  barometer.  The  normal 
reading  of  the  barometer  at  sea-level,  which  corresponds  to  a 
boiling-point  for  pure  water  of  212°  F.,  is  29.905  inches. 

The  weight  of  the  atmosphere,  even  at  the  same  place,  is 
constantly  fluctuating  with  various  conditions  of  the  weather. 
The  variation  in  barometer-reading  from  the  mean  may  be 
1.5  inches  in  either  direction. 

The  fall  of  the  barometer  due  to  different  elevations  from 
the  sea-level  would  be  approximately  as  follows : 

At    917  feet  the  barometer  sinks  i  inch. 
i860    "  "  **     2  inches. 

2830    "  **  "     3 

3830    "  "  *•    4 

4861     "  "  "     5 


a 


« 


« 


« 


The  atmospheric  pressure  has  great  effect  upon  the  boiling- 
temperature  of  water ;  thus  pure  water  will  boil  at  the  tem- 
peratures corresponding  to  the  various  barometric  pressures,  as 
shown  in  the  following  table  :* 


Boiling-tempeniture  F. 

Barometer, 
Inches. 

BoiUn||r.temperature  P. 

Barometer, 
Inches. 

212 

29.905 

205 

25.990 

211 

29.331 

204 

25*465 

210 

28.751 

203 

24.949 

209 

28.180 

202 

24.442 

208 

27.618 

201 

• 

23.943 

207 

27.066 

200 

23.453 

206 

26.523 

The  weight  of  a  cubic  foot  of  air  is  inversely  proportional 
to  the  absolute  temperature  ;  if  freed  from  aqueous  vapor  and 
under  a  pressure  of  30  inches  of  mercury,  it  weighs,  according 
to  Regnault,  536.29  grains  or  0.076613   pound.     The  rate  of 

expansion  in  volume  or  decrease  in  density  is  for  each 

492 

degree  Fahrenheit,  /  being  temperature  above  32^ 

Table  X  in  the  Appendix  gives  the  weights  of  air  for 
different  temperatures.     For  the   temperature   of  60°  air   is 

*  Encyc.  Brit.,  vol.  in.  p.  387. 
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B13.67  times  lighter  than  water.  Various  other  units  are 
Bcomclimcs  used  tu  measure  the  licad  or  pressure,  and  for  con- 
vvenience  of  reference  these  equivalents  can  be  arranged  as 
■I0II0WS : 

I  30  inches  of  mercury  =  14.^^04  lbs. 

I  =  407.07  in.  water  =  33.92  ft.  water 

■  =  1 1985.4  ft.  air  at  60°  Fahr. 
I  I  inch  water  =  0.57902  oz. 

B  Air  contain.s  more  or  less  impurities  which  are  to  be  found 
Bunly  in  places  where  the  ventilation  is  not  perfect.  These 
Kimpuntics  consist  of  carbon  monoxide,  CO,  ammoniacal  com- 
Kpounds,  sulphuretted  hydrogen,  and  sulphuric  and  sulphurous 
HBiid  nitric  and  nitrous  acids.  It  also  contains  some  ozone, 
■which  is  a  peculiarly  active  form  of  oxygen,  and  is  believed 
■by  many  to  have  an  important  influence  in  the  preservation  of 
nhe  purity  of  the  atmosphere.  Authorities,  however,  differ  very 
Bbidely  as  to  its  distribution  and  action.  Lately  a  new  con- 
stituent called  argon  has  been  discovered. 

■  Air  contains  more  or  less  solid  matter  in  the  form  of  minute 
■particles  o(  dust.  The  dust  particles  are  thought  to  bear  an 
RmportAnt  part  in  the  propagation  and  distribution  of  the  bac- 
Bteria  of  various  diseases,  and  also  in  the  production  of  storms. 

Air  contains  microbe  organisms,  or  bacteria,  in  greater  or 
less  numbers.     The   number   of  bacteria  may   be  determined 
by  slowly  passing*  a  given  volume  of  the  air  through  a  glass 
lube  coated  inside  with  beef  jelly  ;  the  germs  are  deposited  on 
the  nutrient  jelly,  and  each  becomes  in  a  few  days  the  centre 
of  a  very  visible  colony.     In  outside  air  the  number  of  microbe 
""torganisms  varies  greatly,  being  often  less  than  one  per  litre  (6t 
:ubic  inches) ;  in  well-ventilated  rooms  they  vary  from  1  to  20. 
Ikhile  In  close  schoolrooms  as  many  as  600  per  litre  have  been 
■aund.      Carncltcy.    Haldanc,  and  Anderson    found    in    their 
Icsearches  in   mechanically  ventilated  schoolrooms  an  average 
lioinbcr  of   17  microbe  organisms  per  litre.     The    results   of 
slopping  the  meclianical  ventilation   was  to  increase  the  car- 
tonic  acid  witliout  changing  the  number  of  microbe  organisms. 
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22.  Diffusion  of  Gases. — Gases  which  have  no  chemical 
action  on  each  other  will,  regardless  of  weights  or  densities, 
mingle  with  each  other  so  as  to  form  a  perfectly  uniform  mix- 
ture. This  peculiar  property  is  called  diffusion^  and  is  of  great 
importance  in  connection  with  ventilation,  since  it  indicates 
the  impossibility  of  separating  gases  of  different  densities. 

Liquids  of  different  densities  do  not  make  uniform 
mixtures,  unless  they  have  a  special  affinity  for  each  other ;  the 
heavier  invariably  settles  to  the  bottom. 

Perfect  diffusion  is  a  process  which  requires  some  time,  so 
that  the  composition  of  samples  from  the  same  room  may  in 
some  instances  be  sensibly  different.  The  time  required  for 
the  diffusion  of  gases  is  inversely  proportional  to  the  density, 
and  directly  proportional  to  the  square  root  of  the  absolute 
temperature.  Diffusion  is  a  molecular  action,  and  can  be 
calculated  from  the  kinetic  theory  of  gases.  One  computation 
of  this  character  indicates  that  the  time  required  for  the  equal 
diffusion  of  carbonic  acid  throughout  the  atmosphere  was 
2,220,000  years. 

Dr.  Angus  Smith  found  the  following  percentages  of 
oxygen  present  in  the  air,  in  samples  collected  in  various 
places,  which  serve  to  show  the  variation  which  may  exist 
under  different  conditions:* 

Seashore  of  Scotland,  on  the  Atlantic 2os^% 

Top  of  Scottish  hills 20.98 

Sitting-room,  feeling  close,  but  not  excessively  so 20.89 

Backs  of  houses  and  closets 20.70 

Under  shafts  in  metal  mines 20.424 

When  candles  go  out 18.50 

When  difficult  to  remain  in  air  many  minutes 17.20 

The  variation  in  amount  of  carbonic  acid  is  equally  great, 
the  quantity  being  as  follows : 

London  parks 0.0301  jt  In  workshops 0.3^^ 

On  the  Thames 00343  In  theatres 0.32 

London  streets 0.0380  Cornwall  mines 2.5 

Manchester  fogs 0.0679 

23.  Oxygen. — Oxygen  is  one  of  the  most  important  ele- 
ments of  the  atmosphere,  so  far  as  both  heating  and  ventilation 

*  Encyc.  Brit.,  vol.  xvi.  p.  617  ;  also  vol.  11.  p.  35. 
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is  concerned.  It  is  the  active  element  in  the  chemical  process 
of  combustion,  and  also  o(  a  somewhat  similar  physiological 
ptucess  which  takes  place  in  the  respiration  of  human  beings. 

,  It  exists  in  a  free  state  mixed  with  about  four  parts  of  nitrogen 
n  the  air.  and  is  essential  not  only  for  the  support  of  any  com- 
bustion, but  for  the  support  of  life.  It  is  not  to  be  con.'iidered 
as  having  any  properties  as  a  food,  but  is  rather  the  necessary 
dement  which  makes  it  possible  to  assimilate  and  utilize  the 

Llood,  Taken  into  the  lungs  it  acts  upon  the  excess  of  carbon 
pj{  the  blood,  and  possibly  also  upon  other  ingredients,  forming 
bhcmical  compounds  which  are  thrown  off  in  the  act  of 
respiration.  The  chemical  action  of  oxygen  with  the  other 
[elements  can  generally  be  considered  as  a  sanitary  one.  In 
lany  respects   the  process  of    respiration  resembles   that   of 

"  combustion  ;  for  in  both  cases  oxygen  is  derived  from  the 
air,  carbon  or  other  impurities  are  oxidized,  and  the  products 
o(  this  oxidization  are  rejected.  In  both  cases  heat  is  given 
off  as  the  result  of  this  process.  Its  weight  is  sixteen  times 
that  of  hydrogen.  It  is  sometimes  found  in  a  peculiarly  active 
form  called  ozone. 

24.  Carbonic  Acid  or  Carbon  Dioxide,  CO,,  atid  Car- 
bonic Oxide,  CO.— The  first  is  a  product  resulting  from  the 
perfect  combustion  of  carbon  :  it  is  always  found  in  small  quan- 
tities.— 3  to  5  parts  in  to, 000  in  the  atmosphere  of  the  country. 
This  gas.  although  very  heavy  as  compared  with  that  of 
pure  air  (22  times  that  of  hydrogen),  will,  if  sufficient  time  be 
given,  mix  uniformly  with  the  air.  It  is  not  a  poisonous  gas, 
although  in  an  atmosphere  containing  large  quantities  of  car- 
bonic dioxide  a  person  might  die  from  suffocation  or  for  want 
[pf  oxygen. 

While  carbonic  dioxide  is  not  of  itself  injurious,  yet  as  it  is 
\  product  of  combustion  and  respiration,  and  is  usually  accom- 
|)anied  with  other  injurious  products,  it  is  regarded  as  an  index 
f  the  quality  of  the  air,  and  the  amount  of  it  present  in  the 
r  is  taken  as  the  standard  by  which  we  can  judge  of  the  ven- 
pillion.*     In  such  a  case  pure  air,  containing  4  parts  of  car- 
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bonic  dioxide  in  io,cxx>  would  be  the  standard  of  absolute 
purity.  Authorities  differ  as  to  the  greatest  amount  of  car- 
bon dioxide  which  might  be  permitted.  It  is  quite  certain  that 
any  unpleasant  sensation  is  not  experienced  until  the  amount  is 
increased  to  lo  or  12  parts  in  10,000;  yet  authorities  are  gen- 
erally agreed  that  the  maximum  amount  should  not  exceed  10 
parts  in  10,000,  at  least  for  sleeping-rooms.  The  standard  of 
good  ventilation  usually  adopted  at  present  would  permit 
about  8  parts  in  10,000  in  the  air.  There  has  been  a  tendency 
to  make  the  standard  of  ventilation  higher  and  higher  during 
the  last  few  years,  thus  requiring  the  introduction  of  greater 
quantities  of  air. 

Carbonic  acid  is  continually  increased  by  the  processes  of 
combustion  and  respiration,  yet  for  the  past  thirty  years  the 
amount  in  the  air  has  not  sensibly  changed. 

Plant-growth  and  vegetable  life  assimilate  carbonic  acid 
and  give  off  oxygen.*  There  exists  in  the  air  about  28  tons  of 
carbonic  acid  to  each  acre  of  ground,  yet  an  acre  of  beech- 
forest  annually  absorbs  about  one  ton,  according  to  Chevandier ; 
and  no  doubt  the  total  vegetation  growing  is  sufficient  to 
absorb  the  excess  due  to  combustion  and  respiration,  so  that 
the  total  does  not  experience  much  change. 

Carbonic  Oxide,  CO. — This  compound  is  not  found  in  the 
air  except  under  unusual  circumstances.  It  is  distinctly  a 
poison,  and  has  a  characteristic  reaction  on  the  blood.  Hem- 
pel,  t   the   German  chemist,  experimented  on    its   poisonous 


of  organic  matter  with  increase  of  carbon  dioxide  is  a  reasonable  on 
results  of  the  experiment  were  as  follows  : 


The 


Proportion  of 

Organic  Matter. 

Oxygen  required  to 

Oxidize  1,000,003 

Volumes. 

Atrerage 

Carbonic  Acid 

in  io«ooo 

Volumes 

of  Air. 

Number  of 
Trials. 

0       to     2 . 5 
2.5  to    9.5 
4.5  to     l.o 
7.0  to  15.8 

2.8 
30 
3.2 

3.7 

20 
20 
20 
20 

*  **  How  Crops  Feed,"  by  Johnson,  page  47. 
f  Hempel's  Gas  Analysis.     Macmillan  &  Co. 
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^^ffects  w'itli  A  mouse.  No  symptoms  of  poisoning  were  de- 
Btccted  until  there  were  6  parts  CO  in  lO.OOO  of  air,  in  whicll 

■  c^e  after  3  hours'  lime  re.ipiration  was  difficult;  in  another*' 
lease  the  mouse  could  scarcely  breathe  in  47  minutes.    With  12 
I  parts  in   iccxxi  the  mouse  showed  symptoms  of  poisoning  in 

■  7  minutes;  with  29  parts  in  10,000  the  mouse  died  in  convul- 
Ifiions  in  about  two  minutes. 

I  25.  Nitrogen— Argon.— The  principal  bulk  of  the  earth's 
"  atmosphere  is  nitrogen,  which  exists  uniformly  diffused  with 
oxygen  and  carbonic  acid.  This  element  is  practically  inert 
in  all  the  processes  of  combustion  or  respiration.  It  is  not 
V  affected  in  composition  either  bypassing  through  a  furnace 
^during  combustion  or  in  passing  through  the  lungs  in  process 

■  of  resi^iration.     Its  action  is  to  render  the  oxygen  less  active, 

■  and  to  absorb  some  part  of  the  heat  produced  by  the  process 
Kof  oxidation.  It  is  an  element  very  difficult  to  measure 
l-directly,  as  it  can  be  made  to  enter  into  combination  with  only 
ftii  few  other  elements,  and  then  under  peculiarly  favorable 
■circumstances. 

I       A  very  small  amount  of  ammonia,  which  is  a  compound  of 
lltitrogen  and  hydrogen,  is  found  in  the  atmo.sphere. 
I       Argon. — A   constituent  of    the   atmosphere   recently   dis. 
ftcovered,  which  amounts  to  about  one  per  cent  of  the  total, 

■  was  announced  at  the  meeting  of  the  Royal  Society.  January 

■  3'.  '895.  This  element  is  very  soluble  in  water,  and  liquefies 
Bat  a  temperature  233"  below  zero  F.,  under  a  pressure  of  50.6 

■  atmospheres.     It  is  even  more  inert  in  action  than  nitrogen, 

■  and  practically  may  be  considered  the  same. 

\  26.  Analysis  of  Air. — The  accurate  analysis  of  air  requiics 
Blhe  determination  of  aqueous  vapor,  carbon  dioxide,  carbon 
Ifnonoxtde,  oxygen  and  ozone,  but  for  sanitary  purposes  the 
■determination  of  carbon  dioxide  and  water  is  the  most  fre- 
quently called  for.  For  a  complete  discussion  of  these  various 
■Methods  the  reader  is  referred  to  Hempel'sGas  Analysis,  trans- 
Elated  by  Dennis  and  published  by  Macmillan  &  Co,  The 
Rnilrogen  of  the  atmosphere  cannot  be  determin(.-d  by  any 
■'known  method  of  analysis ;  it  is  obtained  by  deducting  the 
Ktsum  of  all  the  other  elements  from  the  total.  The  approxi< 
Bmate  determination  of  the  oxygen   is  done  very  readily   by 
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drawing  a  certain  volume  of  the  air  into  a  measuring- vessel 
and    tlicii  passing  it  over  a    mixture  of   pyrogalUc  acid  and 
.  caustic  potash;  the  oxygen  is  absorbed,  reducitig  the  volume 
in  amount  proportional  to  the  quantity  of  oxygen.     This  pi 
cess   is,  however,  not  of  extreme   accuracy,  and  for   mini 
quantities  very  much  more  complicated  methods  must  be 
sorted  to. 

Method  of  Finding  Cardan  Dioxide  {CO,). — The   amoi 
of  tills  material  present  in  the  atmosphere  is  so  small  that 
most   delicate  methods  are  required   in  order  to  measure  it. 
The   writer   gives   first   an   approved   method  which   can  be 
rapidly  applied,  and  which  is  said  to  be  accurate  to  one  part  in 
one  hundred  thousand.    This  system  of  finding  CO,  was  devised 
by  Otto  Pettersson  and  A-  Palmqvist.  two  European  chemists. 
The  instrument  used  for  this  determination  is  shown  in  Fig. 
and  can  be  had  from  any  dei 
in  physical  apparatus.     It  ci 
sists   of   a  measuring-vessel, 
connected  with  a   U-shaped 
rctte  B,  from  which  communii 
tion    can    be   made   by  a  si 
stop-cock,  i;  a  manometer, 
containing    a    graduated    sci 
nearly  horizontal ;  and  two  st 
cocks,  /   and  ^,  by   means 
which    communicati 
made  with   the   air.     One   side 
of  this  manometer,/",  is  in  c 
munication  with  the  closed 
sel    C;   the   other   side  can 
put  in  communication  with 
measuring-vessel /I.  Theburel 
^contains  a  saturated  solutii 
of  caustic  potash  (KOH),     Tl 
fofi  DEtKkMiMNr.  CO,  IN  Air.       flask   £  contains  mercury, 
by  raising  it.  when  the  stop-cock  c  is  open,  the  mercury  will  rise 
in  the  flask  A.  and  the  air  will  be  driven  out.    If  the  flask  £  be 
lowered   the  mercury  will   flow  from  the   measuring.tube.  and 
the  amount  of  air  entering  A  can  be  measured  by  thi 
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■     carb 

I     air  I 

in 
1      cb< 


tions.  When  the  measuriiig-tube  A  is  full  of  air,  the  stop-cocks 
t,  b.f,  and  ^  being  open,  the  position  of  the  drop  of  liquid  in 
the  horizontal  tube  of  the  manometer  is  accurately  read.  The 
stop-cocks^,  (?,/,  and^are  then  closed,  that  at  ^opened,  and  the 
vessel  H  raised,  driving  the  air  out  of  the  measuring-tube  A 
tinlo  ihc  absorption  burette  B.     This  operation  of  raising  and 

rwering  the   flask  E  is   repeated   several   times ;  it   is   then 

iwcred,  and  the  air  is  drawn  over  into  the  measuring  burette  ; 
the  cock  a  is  then  opened  and  the  vessel  £  manipulated  until 
the  reading  of  the  manometer  on  the  horizontal  scale  agrees 
with  that  in  the  beginning  of  the  test.  The  reading  of  the 
graduated  tube  A  gives  directly  the  amount  of  CO,.  The 
determinations  are  made  with  air  of  ordinary  humidity,  and 
[here  is  a  very  slight  correction  due  to  this  fact,  which  is 
not  likely  to  equal,  in  any  case,  one  part  of  CO,  in  one  million 
parts  of  air. 

The  methods  of  determining  accurately  the  amount  of  car- 
^K>n  dioxide  in  the  air  are  in  general  based  upon  one  of  the 

iree  following  principles;    I,  the  measurement  of  the  volume 
carbon  dioxide  by  methods  similar  to  that  already  described 
and  which,  with  proper  precautions,  is  probably  the  most  satis- 
factory of  any  device :  2,  the  determination  of  the  amount  of 
carbon  dioxide  by  the  increase  in  weight  of  a  substance,  such  as 

lustic  potash,  which  is  capable  of  absorbing  it,  and  through 

rhich  the  air  is  passed,  which  is  open  to  the  practical  dif- 
Ities  of  weighing  very  small  quantities  and  of  keeping  the 
air  perfectly  dry  ;  3,  the  transformation  of  the  carbon  dioxide 
in  the  air  into  a  chemical  compound  by  use  of  an  absorbing 
chemical,  as,  for  instance,  caustic  baryta,  which  is  subsequently 

lalyzed  and  the  amount  of  the  gas  thus  ascertained.  This 
trocess  was  employed  by  de  Saussure  and  I'eltenkofer  and  rc- 
Ires  extreme  care  and  great  skill  in  laboratory  experiments, 
In  addition  to  the  accurate  methods  there  are  a  number  of 
approximate  methods  which  may  be  used  with  satisfaction  for 
the  purpose  of  ascertaining  the  relative  quality  of  the  air  as  to 
whether  good  or  bad,  but  which  give  no  accurate  indication  of 
the  percentage  of  carbon  dioxide  present.    Some  of  the  more 

iportant  of  these  methods  are  described  below. 
The  carbocidomcter  of  Professor  Wolpert  is  highly  recom- 
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mended  by  Professor  J.  H.  Kinealy.  It  consists  of  a  glass 
cylinder  about  one  inch  in  diameter  and  seven  inches  long, 
closed  at  one  end  and  provided  with  a  rubber  piston.  The 
cylinder  is  graduated  in  cubic  centimeters  (c.  c.)  from  the 
bottom  upward  to  50.  The  piston-rod  is  hollow  and  arranged 
to  be  closed  by  a  rubber  cap.  A  solution  made  by  adding  to 
one  liter  of  water  one  twentieth  of  a  gram  of  sodic  carbonate 
and  to  this  .075  gram  of  phenolphthalein  is  recommended. 
This  solution  is  of  a  pink  color  so  long  as  alkaline,  but  is  made 
lighter  in  color  by  the  addition  of  carbon  dioxide,  and  it  be- 
comes colorless  when  made  neutral  To  use  the  Wolpert  air- 
tester,  press  the  piston  down  several  times  so  as  to  drive  the 
contents  of  the  cylinder  out  through  the  hollow  piston-rod, 
then  add  2  c.  c.  of  the  solution,  then  push  the  piston  to  the 
position  showing  20  c.  c.  in  the  cylinder,  and  after  stopping  the 
piston-rod  hole  thoroughly  shake  the  instrument  so  that  the 
solution  will  absorb  the  CO,.  If  the  air  in  the  cylinder  is  still 
pinkish,  draw  out  the  piston  and  add  more  air,  then  close  the 
admission  opening  and  shake  as  before.  Continue  this  opera- 
tion until  the  mixture  in  the  cylinder  is  colorless.  Try  this 
operation  first  in  the  outside  air,  then  in  the  room  where  con- 
tents are  to  be  tested.  As  an  example,  if  the  piston  stands 
after  this  operation  at  46  after  using  the  outside  air  and  at  32 
after  using  that  in  the  room,  deduct  2,  since  there  is  taken  up 
by  the  solution  2  c.  c,  leaving  44  and  30  as  a  remainder.  We 
understand  from  this  that  the  amount  of  CO,  in  44c.  c.  of  out- 
side air  would  combine  with  the  same  amount  of  chemical  as 
with  30  c.  c.  of  the  air  from  the  room.  Hence  the  amount  of 
CO,  present  in  the  room  is  to  that  in  the  air  as  44  is  to  30  ;  that 
is,  the  air  in  the  room  would  contain  1.46  as  much  CO,  as  the 
air  outside.  If  the  air  outside  contain  4  parts  in  10,000,  that  in 
the  room  would  contain  5.84  parts  in  10,000.  Great  care  is 
needed  to  prevent  the  sodic  carbonate  from  decomposing  by 
exposure  to  the  atmosphere.  This  apparatus  can  be  purchased 
of  dealers  and  importers  in  philosophical  apparatus. 

Carbonic  dioxide  has  the  property  of  forming  a  precipitate 
in  lime-water,  thus  rendering  it  turbid.  Several  methods  of 
ascertaining  the  amount  of  CO,  in  the  air  have  been  based  on 
this  property,  all  of  which,  however,  are  extremely  inaccurate. 
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The  Smith  method  requires  the  use  of  six  well-stoppered  bottles 
holding  respectively  lOO,  200,  250,  300,  350,  and  450  c.  c,  a  glass 
tube  or  pipette  graduated  to  contain  exactly  15  c.  c,  toa  given 
mark,  and  a  bottle  of  perfectly  clear  and  transparent  lime-water. 
The  bottles  are  to  be  made  perfectly  clean  and  dry,  then  filled 
with  the  air  to  be  examined,  then  add  to  each  of  the  bottles  in 
succession,  commencing  with  the  smallest,  1 5  c.  c,  of  lime-water, 
shake  thoroughly,  and  if  turbidity  appears  we  have  the  following 
^M  results : 

^H                  Contenis  o(  Butlle.  c.  c.                         Pans  of  CO,  in  to.ooo. 
^P  100 16 

^m  200 12 

^^L  350 10 

^^^H  300 

^^^H  350 7 

^^^^^^H  450 6  or  less 

H  The  degree  of  turbidity  can  be   determined   by  looking 

V     through  the  bottle  at  an  ink-mark  on  a  bit  of  white  paper. 

There   is   another   instrument   of   the   same   class   as   the 

Wolpert  air-tester,  in  which  is  used,  however,  a  test-tube  holding 

'         3  C-c.  of  lime-water  with  a  white  bottom  on  which  is  a  black 

P  figure.     Air  is  blown  through  by  means  of  a  rubber  bulb  con- 
taining 28  c.  c.  which  is  fastened  to  a  glass  tube.     The  number 
of  times  which  the  bulb  has  to  be  filled  and  emptied  in  order  to 
render  the  lime-water  turbid  determines  the  amount  of  CO,. 
If  the  bulb  is  discharged  40  times  to  produce  opacity,  we  have 
10  parts  in  10,000 ;  if  50  times,  we  have  4  parts  in  10,000,  etc. 
The  Lunge-Zeckendorf  method  is  recommended  by  Billings 
Bas  the  most  accurate  of  the  ready  methods  of  determining  the 
I  amount  of  CO,  present  in  air,  especially  when  it  is  in  excess  of 
l-io  parts  in  lo,ooc.     The  analysis  is  made  by  the  use  of  a  solu- 
Ition  consisting  of  desiccated  sodium  carbonate,  5.3  grams,  dis- 

■  solvcd  in  1000  c.  c.  of  distilled  water  which  has  been  recently 
rboilcd  and  quickly  cooled  and  to  which  one  gram  of  phenol- 

■  phthalein  is  added.  The  apparatus  consists  of  a  bottle  with 
I  cubic  contents  of  125  c.  c,  which  is  provided  with  a  cork  contain- 
ling  two  glass  tubes,  one  of  which  terminates  near  the  top  of  the 
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bottle,  the  other  at  the  bottom.  The  short  tube  opens  into  the 
air,  the  other  connects  with  a  rubber  tube  leading  to  a  bulb  of 
70  c.  c.  capacity.  The  bulb  is  arranged  to  draw  in  air  at  one 
end  and  discharge  through  the  rubber  tube  into  a  long  glass 
tube  leading  to  the  bottom  of  the  bottle. 

When  the  analysis  is  to  be  made  4  c.  c.  of  the  solution  are 
added  to  100  c.  c.  of  freshly  boiled  and  cooled  distilled  water, 
and  of  this  10  c.  c.  are  used  for  each  determination  by  pouring 
in  the  bottle.  The  air  is  replaced  by  the  air  to  be  analyzed  ; 
then  the  air  to  be  tested  is  forced  through  the  solution  by  alter- 
nately expanding  and  contracting  the  bulb.  The  number  of 
times  required  to  make  the  solution  colorless  being  a  measure 
of  the  CO,.  The  various  parts  in  10,000  corresponding  to  the 
compressions  of  the  bulb  being  as  follows:  12  parts,  16  com- 
pressions ;  20  parts,  8  compressions ;  22  parts,  7  compressions  ; 
25  parts,  6  compressions;  30  parts,  5  compressions. 

27.  Determination  of  Humidity  of  the  Air. — The  hu- 
midity of  the  air  is  determined  by  gradually  cooling  a  body 
and  observing  at  what  temperature  the  vapor  of  the  air  con- 
denses on  the  body  as  dew.  When  dew  is  deposited  the  air 
is  saturated  for  the  given  temperature,  and  if  the  temperature 
of  the  air  be  known,  at  which  dew  will  be  deposited,  and  also 
the  temperature  of  the  air  in  its  normal  condition,  we  can  com- 
pute the  amount  of  moisture  contained  in  the  air.  The  in- 
strument generally  employed  for  this  purpose  consists  of  two 
thermometers,  the  bulb  of  one  of  which  is  exposed  in  its  ordi- 
nary condition  to  the  air ;  the  bulb  of  the  other  is  kept  con- 
stantly wet  by  means  of  a  bit  of  cloth  extending  to  a  vessel 
filled  with  water.  If  the  air  were  saturated  with  moisture 
these  two  thermometers  would  give  the  same  reading,  but  if 
the  air  is  not  saturated  the  readings  will  differ  an  amount  de- 
pending upon  the  humidity.  The  table  following,  and  a  more 
complete  one  in  the  Appendix,  give  the  amount  of  moisture 
expressed  as  percentage  of  saturation  for  different  readings  of 
*^he  wet  and  dry  bulb  thermometer. 
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MoiSTUKt    IN    G 

RAINS  PER  Cubic 

PKR     CBN 

OF   Saturation    for    Dif- 

Foot  akokbkd  by  Saturateu 

yBRKNCl!   TN    REAKINCIS   Of  WRT   ANU 

Air. 

Tcnt>. 

Gnip. 

Temp 

G«,«. 

T«B.D 

Temp. 

Aj-;f>. 

A...  O.B.. 

pctcu.lt. 

Air,  deg. 

it.  Readmit. 

-» 

O.M 

4. 8s 

100 

100 

100 

-10 

0.35 

5.74 

90 

95 

96 

O.S6 

79 

90 

91 

+  10 

70 

798 

Oq 

86 

B8 

90 

1.32 

7S 

77 

1.96 

80 

•w 

a.85 

6S 

l».74 

3 

55 

(-5 

4S 

3-41 

90 

14-79 

36 

50 

,. 

95 

17-13 

19-77 

» 

19 

The  first  table  gives  the  weight  of  moisture  contained  in 
one  cubic  foot  of  saturated  air;  the  second  shows  the  per- 
centage of  saturation  for  any  dilTcrcncc  in  reading  of  the  wet 
and  the  dry  bu!b  thermometer.  The  weight  of  moisture  is  the 
product  of  the  results.  Thus,  saturated  air  at  70°  F.  contains 
7.98  grains  per  cubic  foot,  and  it  at  the  same  time  the  dilTer. 
cncc  between  the  wet  and  dry  bulb  thermomelers  was  lo, 
this  air  would  be  66  per  cent  saturated,  and  would  contain 
66  per  cent  of  7,98  grains,  or  5.26  grains.  Since  there  are 
I  7000  grains  in  one  pound,  this  weight  may,  if  desired,  be  re- 
■  duced  to  pounds. 

I  Moisture  in  air  can  also  be  determined  approximately,  but 
'  with  sufficient  accuracy  for  practical  purposes,  by  the  hair 
hygrometer.  This  instrument  is  illustrated  in  Fig.  g.  It  is 
constructed  by  fastening  a  hair,  from  which  the  oil  has  been 
removed,  in  the  top  part  of  a  suitable  frame,  and  winding  the 
lower  part  on  a  cylinder  which  is  free  to  revolve,  and  which 
carries  a  balanced  pointer.  The  hair  increases  or  diminishes 
in  length,  quite  exactly,  in  proportion  to  the  amount  of  moist- 
ure in  the  air,  and  this  acquired  property  seems  to  be  a  per- 
mancnt  one,  A  scale  graduated  by  comparison  with  deter- 
I  minations  made  with  a  wet  and  dry  bulb  thermometer  serves 
I  lo  show  the  amount  of  moisture  .present,  as  a  percentage  of 
I  saturated  air. 

The  degree  of  moisture  in   the  air  has  an  important  in- 
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fluence  on  ventilation.  When  air  is  saturated  with  moisture 
water  is  deposited  on  alt  bodies  which  conduct  heat  readily 
and  have  a  lower  temperature  than  the  air.  On  the  other 
hand,  if  the  air  is  entirely  deprived  of  watery  vapor  it  evap- 
orates moisture  from  the  body,  and  thus  causes  an  unpleasant 
sensation.  It  also  takes  up  a  great  deal  of  heat.  When  the 
air  is  saturated  no  evaporation  can 
take  place  from  the  body.  When 
the  air  is  very  dry,  very  rapid  evap- 
oration will  take  place.  A  mean 
condition  between  these  two  ex- 
tremes is  required  in  every  case. 
The  air  should  be  from  50  to  70 
per  cent  saturated  in  order  to  feel 
pleasant,  and  be  of  the  most  value 
for  ventilating  purposes. 

28.    Amount    of   Air    required 

for  Ventilation.  —  The   amount  of 

«!^  air   required    in    order  to  maintain 

^^^^H  the  standard  of  purity  below  a  cer- 

^^^^1  tain    given    amount    can     be    very 

■w  readily  determined,  provided  weknow 

Fig.  g.-THB^HAiR  Hygrom-    the  amount  of  carbon  dioxide  which  is 

given  off  in  the  process  of  respiration. 

It  is  estimated  that  at  each  respiration  of  an  adult  person 

20  cubic  inches  of  air  on  the  average  are  required,  and  that  16 

to  24  respirations  take  place  per  minute;  so  that  from  320  to 

480  cubic  inches,  or  about  one   fourth   of   a   cubic   fool,  are 

required    per    minute.*     The  air    ejected    from    the  lungs  is 

delivered  at  a  temperature  from  70  to  90  degrees,  and  very 

nearly  saturated  with  watery  vapor;  hence  it  is  about  2.3per 

cent  lighter  than  pure  air. 

The  following  table  shows  the  approximate  effect  of 
respiration  on  the  composition  of  air:*!- 

•  This  is  estimated  by  Box  as  Soo  cubic  inches,  bul  is  given  by  recent  phys- 
inlQgists  as  above.  See  workc  <if  Dalton,  Dr.  Carpenter.  Art.  Respiration  in 
Eney.  Bril,,  etc.  This  is  increased  by  violent  encreise.  attd  to  make  tbe  allow- 
ance liberal  576  cubic  inches  or  \  cubic  foot  is  taken  as  the  amount  to  be  supplied. 

t  Ency.  Briunnica,  An.  Respirdiiun. 
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Entering    Respired 
Air.  Gases. 

Oxygen,  per  cent  of  volume 20.26  16 

Nitrogen,  "      "      **         "        78.00  75 

Watery  vapor "      ••        "       1.70  5 

Carbonic  acid "      "        "       0.04  4 

If  we  take  the  carbon  dioxide  as  an  index  of  the  charact;er 
of  ventilation,  and  consider  that  each  person  uses  one  third 
cubic  foot  of  gas  per  minute,  and  that  the  respired  gas  contains 
400  parts  in  10,000  of  carbonic  acid,  while  the  entering  air  con- 
tains but  4,  we  can  calculate  the  amount  of  air  which  must  be 
provided  to  maintain  any  standard  of  purity  desired.  The 
formula  for  this  operation  would  be  as  follows :  If  ^  =  the 
number  of  parts  of  CO,  in  10,000,  thrown  out  in  respiration  or 
other  impurities  ;  if  ^  =  the  cubic  feet  of  air  used  per  minute ; 
if  «  =  the  standard  of  purity  to  be  preserved,  expressed  as  the 
number  of  units  of  CO,  permissible  in  10,000,  and  C  =  the 
number  of  cubic  feet  of  air  required, — we  shall  have 

C  =  ab/(n  —  4). 

For  the  condition  we  have  just  considered,  for  each  adult 
person  a  =  400,  ^  =  ^,  so  that  the  formula  becomes  C=  133/ 
{«  —  4).     By  taking  «  as  8,  C  =  33,  and  n  as  10,  C  =  22. 

The  following  table  shows  the  amount  of  air  which  must 
be  introduced  for  each  person  in  order  to  maintain  various 
standards  of  purity : 

AMOUNT  OF  AIR  REQUIRED  PER  PERSON  FOR  VARIOUS  STAND- 
ARDS OF  PURITY. 


Sundard  ParU  of  CO,  io 

Cubic  Feet, of  Air  required  per  Person. 

10,000  of  Air  in  the  Room. 

Per  Minute. 

Per  Hour. 

5 

133.3 

8000 

6 

67 

4000 

7 

44 

2667 

8 

33 

2000 

9 

27 

1600 

10 

22 

1333 

II 

19 

II51 

12 

17 

1000 

13 

15 

889 

14 

13 

800 

15 

12 

727 

16 

II 

667 

18 

9.5 

571 

20 

8.3 

500 
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The  combustion  of  one  cubic  foot  of  gas  per  hour  contam- 
inates about  the  same  amount  of  air  as  one  person,  so  that  an 
allowance,  equivalent  to  that  required  for  four  or  five  people, 
should  be  made  for  each  gas-burner. 

Authorities  differ  greatly  as  to  the  amount  of  air  to  be 
provided  per  person,  but  at  the  present  time  they  seem  well 
united  in  considering  the  admission  of  30  cubic  feet  of  air 
per  minute  for  each  person  as  giving  good  ventilation,  and 
this  amount  is  required  by  law  for  school  buildings  in  Massa- 
chusetts.* 

Some  authorities  insist  that  a  higher  standard  should  be 
required,  but  there  is  little  doubt  that  present  conditions 
would  be  very  much  improved  could  the  above  amount  be 
obtained  in  every  case. 

The  amount  advised  by  various  authorities  has  been  as 
follows:  Parkes  advises  2000  cubic  feet  of  air  per  hour  for 
persons  in  health  and  3000  to  4000  for  sick  persons.  The 
English  Barracks  Improvement  Commissioners  require  that 
the  supply  be  not  less  than  1200  cubic  feet  per  man  per 
hour.  Pettenkofer  recommends  2100  cubic  feet ;  and 
Morin  considers  that  the  following  allowances  are  not  too 
high:f 

Hospitals  (ordinary) 2000  to  2400  cubic  feet  per  hour. 

••         (epidemic) 5000 

Workshops  (ordinary) 2000 

"  (unhealthy  trades) 3500 

Prisons '. 1700 

Theatres 1400  to  1700 

Meeting-halls 1000  *'  2000 

Schools  (per  child .^ 400  *'     500 

"•     (per  adult) 800 '*  1000 

Tredgold  %  in  1836  considered  4  cubic  feet  of  air  per  minute 
as  good  ventilation  for  healthy  people,  and  6  cubic  feet  per 
minute  for  the  sick  in  hospitals. 
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*  Dr.  Billings  states  that  this  amount  could  be  increased  25  to  50  per  cent, 
with  good  results.     Ventilation  and  Heating, 
f  Etudes  sur  la  Ventilation. 
^Warming  and  Ventilating  Buildings;  third  edition. 
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29.  Influence  or  the  Size  of  the  Room  on  Ventilation— 
The  purity  of  the  air  of  a  room  depends  to  some  extent  on 
the  proportion  of  its  cubic  capacity  to  the  number  o(  innnates. 
This  influence  is  often  overestimated,  and  even  In  a  large 
room  if  no  fresh  air  be  supplied  the  atmosphere  will  quickly 
,  fall  below  the  standard  of  purity.  It  must  be  considered  that 
is  hermetically  sealed.  Ventilation  takes  place 
§^through  every  crack  and  cranny,  and  even  by  diffusion  through 
r  the  walls  of  the  room.  Such  ventilation  is  generally,  however, 
uncertain  and  inadequate.  Large  rooms  have  the  advantage 
over  small  ones  that  they  act  as  reservoirs  of  air,  and  also  be- 
cause there  is  chance  for  intermittent  ventilation  such  as  occurs 
when  doors  or  window.s  are  opened,  and  for  the  casual  ventila- 
tion which  takes  place  through  the  walls  and  around  the  win- 
Idows.  They  are  also  advantageous,  because  a  larger  volume 
of  air  may  be  introduced  with  less  danger  of  producing  dis- 
agreeable  air-currents  or  draughts.  The  following  table,  taken 
in  part  from  article  "  Ventilation,"  Encyc.  Britannica.  gives  a 
general  idea  of  tiie  cubic  capacity  per  person  usually  allowed 
In  certain  cases,  and  the  time  which  would  be  required  to 
reduce  the  air  inclosed  to  the  lowest  admissible  standard  of 
purity  (12  parts  of  CO,  in  10,000  of  air),  provided  no  fresh  air 
_        was  admitted. 


% 


ClBHolBuildlDB. 

Cubic  Conlcnu. 

Tiinc  required  for 
liie  A"ir,  "■ 

HOOCU    fr    =n>i»h«- 

70  min. 
59     '• 
35    " 

1 :: 

600   • 

50O    ' 
130    ■ 
300   ' 
340   ■ 

::  :;    :: 

rorkhouw  doriniiaries 

18 " 
14  *■ 

- 

' 

It  is  seen  from  the  above  table  that  in  the  ordinary  grade 
of  middle-class  houses  it  would  require  about  one  hour  to 
render  the  air  unfit  for  breathing,  while  for  the  lowest  grade  of 
louses  the  time  required  would  be  only  13  minutes.     It  may 
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be  said,  however,  respecting  the  cheaper  grade  of  houses,  that 
while  the  amount  of  space  allowed  per  person  is  small,  the 
character  of  construction  is  such  that  air  can  usually  enter  or 
leave  the  room  without  very  great  retardation,  and  conse- 
quently this  table  does  not  fairly  represent  the  character  of 
ventilation  actually  secured. 

Pettenkofer  found  that,  by  diffusion  through  the  walls,  the 
air  of  a  room  in  his  house  containing  2650  cubic  feet  was 
changed  once  every  hour  when  the  difference  of  exterior  and  in- 
terior temperatures  was  34  degrees.  With  the  same  difference 
of  temperature,  but  with  the  addition  of  a  good  fire  in  a  stove, 
the  change  rose  to  3320  cubic  feet  per  hour.  With  all  the 
crevices  and  openings  about  doors  and  windows  pasted  up 
air  tight  the  change  amounted  to  1060  cubic  feet  per  hour.: 
with  a  difference  of  40  degrees  the  ventilation  through 
the  walls  amounted  to  7  cubic  feet  per  hour  for  each  square 
yard  of  wall  surface.  The  effect  of  diffusion  in  changing 
the  air  of  a  room  should  generally  be  neglected  in  practical 
ventilation,  because  it  is  very  uncertain  in  amount  and 
character. 

30.  Forc.e  for  Moving  the  Air.— No  ventilation  can  be 
secured  unless  provision  is  made  for  (i)  power  for  moving  the 
air,  (2)  passages  and  inlet  for  admitting  the  air,  (3)  passages 
and  outlet  for  escape  of  air.  Air  is  moved  for  ventilating 
purposes  in  two  ways:  first,  by  expansion  due  to  heating; 
and  second,  by  mechanical  means. 

The  effect  of  heat  on  the  air  is  to  increase  its  volume  and 
lessen  its  density  directly  in  proportion  to  the  increase  in 
absolute  temperature.  The  lighter  air  simply  because  of  its 
less  density  tends  to  rise,  and  is  replaced  by  the  colder  air 
below.  The  head  which  induces  the  flow  is  a  column  of  air 
corresponding  in  weight  to  the  difference  in  heights  of  columns 
of  equal  weight  of  cold  and  heated  air.  The  velocity  can  be 
computed,  since  theoretically  it  will  be  equal  to  the  square 
root  of  twice  the  force  of  gravity  into  this  difference  of  height. 
The  result  so  computed  will  apply  only  when  there  is  un- 
restricted openings  at  both  ends.  It  is  scarcely  ever  appli- 
cable to  chimneys,  for  the  reason  that  the  flow  of  air  is  retarded 
by  passing  through  the  fuel. 
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The  amouiil  of  air  which  may  be  made  to  pass  through  a 
ventilating   flue   o(    ordinary    construction   and   of    diilerent  1 
heights  is  given  in  a  tabic  on  page  45. 

The  available  (orce  for  moving  the  air  which  is  obtained  by  .] 
heating  is  very  feeble,  and  tjuite  likely  to  be  overcome  by  the 
wind  or  external  causes.     Thus  to  produce  the  slight  pressure  I 
equivalent   to  one  tenth   inch   of  water   in  a  tlue   Jo  feet   in  J 
height  would  require  a  difference  in  temperature  of  50  degrees. 
In   a  flue  of  the  same  height  a  difference  of  temperature  of 
150  degrees  would  produce  the  same  velocity  as  that   caused 
by  a  pressure  of   0,5  inch  of    water.     To   produce  the  same 
velocity  as  that  due  to  a  pressure  sufficient  to  balance  0.1  inch 
of  water  will  require  that  the   product  of  height  of  chimney 
and  difference  of  lemperature  should  be  1760. 

It  will  in  general  be  found  that  the  heat  used  for  produc- 
ing velocity,  when  transformed  into  work  in  a  steam-engine  is 
considerably  in  excess  of  that  required  to  produce  draught  by 
mechanical  means.  In  a  rough  way,  an  increase  in  temperature 
of  one  degree  increases  the  head  producing  the  velocity  only 
about  one  part  in  500. 

Ventilation  by  Mechanical  Means  is  performed  either  by  prea- 
I  sure  or  by  suction.  In  the  first  case  the  air  is  increased  in  dens-  ' 
'  iiy  and  discharged  by  mechanical  force  into  the  flue,  the  flow  ' 
'  being  produced  by  an  excess  of  pressure  over  that  of  the  atmos- 
phere, so  that  the  air  tends  to  move  in  the  direction  of  least 
resistance,  wliich  is  outward  to  the  atmosphere.  In  the  second 
case,  pressure  in  the  flue  is  less  than  that  of  the  atmosphere, 
and  the  velocity  is  produced  by  the  flowing  in  of  the  outside 
By  both  processes  of  mechanical  ventilation  the  air  is 
supposed  to  be  moved  without  change  in  temperature,  and 
the  force  for  moving  it  must  be  sufficient  to  overcome 
effects  of  wind  or  change  of  temperature,  otherwise  the  intro- 
duction of  air  will  not  be  positive  and  certain.  The  velocity 
in  feet  per  second  for  various  differences  of  pressure  is  com- 
puted as  explained  in  Article  32,  and  tables  are  given  on 
pages  42  and  45  for  use  in  computing  the  amount  dis- 
charged per  square  foot  of  the  area  of  the  cross-section  of  the 


40  HEATING   AIVD    V  Eh'Tll  ATIXG   BUILDINGS. 

31.  Measurements  of  the  Velocity  of  Air. — The  velocity 
of  air  or  other  gases  is  measured  directly  by  an  instrument 


called  an  anemometer,  or  it  is  measured  indirectly  by  diE 
encc  of  pressure.  The  anemometer  which  is  ordinarily  < 
ployed  for  this  purpose  con- 
sists of  a  series  of  flat  vanes 
attached  to  an  axis  and  a 
series  of  dials.  The  revolu- 
tion of  the  axis  causes  mo- 
tion of  the  hands  in  pro- 
portion to  the  velocity  of 
the  air.  In  the  forms  shown 
in  Figs.  10  and  1 1  the  dial 
mechanism  can  be  started  or 
stopped  by  a  trip  arranged 
conveniently  to  the  operator. 
In  some  instances  the  dial 
mechanism  is  operated  by  an 
electric  current,  in  which  case 
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it  can  be  located  at  a  distance  from  the  vanes.  For  measuring 
the  velocity  of  the  wind  an  anemometer,  which  consists  of 
hemispherical  cups  mounted  on  a  vertical  axis,  is  much  used. 
It  was  shown  by  Mr.  Combes  in  1838  that  if  «  be  the  num- 
ber of  turns  of  the  vane  wheel   and  a  and  b  constants,  the 

^^docity  of  the  air  would  be  expressed  by  the  formula 

Wk  V=a-\-bn. 

^V  The  pressure  on  any  confined  fluid  can  be  expressed  in  any 
units  desired,  as  pounds  or  ounces  per  square  inch,  or  in  terms 
of  the  height  of  a  column  of  the  same  fluid  which  would  give 
an  equivalent  pressure,  and  which  is  termed  the  head.     When 

Potion  takes  place,  a  portion  termed  the  velocity  head  is  trans- 
rmed  into  velocity,  while  another  portion,  termed  the  pres- 
re  head,  acts  to  produce  pressure. 
The  pressure  head  can  be  measured  by  a  simple  manom- 
eter arranged  as  shown  at  A,  Fig.  I3,  which  in  this  case  con- 
sists of  a  U-shaped  tube  with  one 
side  or  leg  open  and  the  other  con- 
nected to  a  tube  n  opening  at  right 
angles  to  the  current :  it  will  be  equal 
in  every  case  to  the  manometer  read- 
ing multiplied  by  r,  the  ratio  of  specific 
weights  of  the  manometer  liquid  and 
the  air.  The  manometer  reading  is 
equal  to  the  difference  of  level  ab  of 
the  liquid  in  the  two  legs. 

The   resultant   velocity  and     pres- 
sure    head    can     be    measured    by    a 

Pifot    tube    arranged  as    shown    at     fl  Fir,.  la.-U  shaped  Watkk 
A..  ...  ,  Gauob. 

K%.   13 ;   this  consists   of   a  manome- 

r  connected  to  a  tube  <■  opening  to  squarely  face  the  moving 
The  liquid  in  the  manometer  will  balance  the  ve- 
locity head   h^=.v'/2g,  and  also  the  pressure  head.     If  the 
opening  of  the  entering  tube  face  in  the  opposite  direction,  as 
*ty,  the  current  will  cause  the  fluid  in  the  manometer  to  vary 
k  the  opposite  direction,  but  possibly  not  of  a  definite  amount. 
By  finding  the  pressure  head   as  at   A,  and  the  resultant 
asure  and  velocity  readings  as  at  B,  we  can  determine  by 
nple  addition  or  subtraction  the  manometer  reading  corre- 
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sponding  to  the  velocity  head  ;  this  multiplied  by  ratio  of  spe- 
cific gravity  r  of  the  manometer  liquid  and  the  air  will  give 
the  velocity  head.  From  this  the  velocity  can  be  computed 
from  the  formula 

V  =  V2g/tr- 

By  connecting  one  side  of  the  manometer  to  the  tube 
facing  the  current  and  the  other  to  the  tube  entering  at  right 
angles,  as   shown   in  Fig,  13,  the  reading  will  show   directly 


Fill.    13.— PiTOT   TUBK. 

the  equivalent  velocity  head.  When  water  and  dry  air  under 
a  pressure  of  29.92  inches  of  mercury  are  the  two  fluids  con- 
sidered  the  ratio  of  weights,  r,  is  732.4  at  32°  F.,  815.5  at 
59°  F.,  and  904.7  at  122°,  from  which  it  follows  that  i  inch 
of  water  would  balance  a  column  of  dry  air  60.2  feet  high  at 
32°  F.,  67.9  feet  high  at  59°  F.,  and  75,4  feet  high  at  122°  F. 

In  case  water  is  used  in  the  manometer  and  the  gas  is  air 
at  a  temperature  of  60  degrees,  r  will  equal  817.  Hence  I'will 
equal  230^/;,  in  which  //  is  in  feet,  and  will  equal  66.7  f'/i' 
when  //  is  in  inches  of  water.  For  any  other  temperature 
than  (o  degrees  this  quantity  must  be  multiplied  by  the  square 
root  of  460+ the  temperature,  and  then  divided  by  ♦^520. 
Practically  for  air  the  velocity  will  equal  230  times  the  square 
root  of  the  difference  in  the  heights  of  the  columns. 
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Tht  X'eloeity  of  air  may  also  be  computed  by  the  lieatintj 
cffccis,  provided  the  amount  of  heat  is  accurately  measured 
and  the  increase  in  temperature  of  the  air  be  known.  The 
specific  heat  of  air  is  a:'38.  hence  the  heat  sufficient  to  warm 
one  pound  of  Avaicr  would  heat  {1/.238)  =  4.2  pounds  of 
air.  This  -at  60  degrees  would  correspond  to  about  231 
cubic  feet  By  consuUmg  Table  X  the  volume  heated 
1  degree  by  1  beat-unit  at  any  other  temperature  can  be 
found. 

The  total  number  of  cubic  feet  of  air  heated  would  be 
equal  to  the  total  number  of  heat-units  absorbed  divided  by 
the  number  of  degrees  the  air  is  heated,  and  this  result 
multiplied  by  the  volume  of  one  pound  divided  by  the  specific 
heat  (the  latter  number  can  be  taken  directly  from  Table 
X).  Having  the  total  amount  of  air  in  a  given  time,  the 
velocity  can  be  obtained  by  dividing  by  the  area  of  the  pas- 
sage. 

Note. — In  ihe  shape  of  a  formula  these  results  are  as  follows:  Let 
T  equal  lemperaiure  of  discharged  air,  /  thai  of  entering  air ;  //  equal 
the  total  number  of  heat-units  given  off  per  unit  of  time ;   V  equal  the 

Iimber  of  cubic  feet  of  air  heated  t  degree  by  1  iieat-unit  (see  Table 
MI)  :/4  equal  area  nf  passage  in  square  feet;  v  equal  velocity  for 
lall 
Calibration  of  the  Anemometer.^The  anemometer  is  a 
delicate  instrument,  and  its  continued  use  is  liable  to  increase 
the  friction  of  its  working  parts  and  cause  variation  in  the 
constants  a  and  b\  for  this  reason  it  should  be  calibrated  from 
time  to  time.  The  method  usually  prescribed  for  calibrating 
an  anemometer  is  to  fix  it  to  a  revolving  arm  of  considerable 
length  and  swing  it  through  still  air  a  known  number  o(  revo- 
tlutions  corresponding  to  a  certain  distance  of  travel.  The 
rror  of  the  instrument  is  determined  by  comparing  the  read- 
j  of  the  instrument  with  the  distance  passed  through  by  the 
bcmometer.  Another  method  of  calibration  is  by  comparing 
■  reading  of  the  anemometer  with  air  moving  at  a  known 
The  velocity  of  air  moving  through  a  duct  of  a 
ren  cross-section  can  be  computed  by  measuring  the  amount 


e  time  that  the  lotal  number  of  hea 


e  taken.     Then  11 


Biall  have 


=  Total  a 
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of  heat  required  to  warm  the  air  through  a  certain  number  of 
degrees,  as  already  explained  and  as  illustrated  in  the  dia- 
gram Fig.  14.     A  duct,  A^  B^  C,  Dy  is  supplied  with  air  by 


means  of  a  blower  located  in  some  convenient  position.  A 
steam-coil  is  placed  in  one  end  of  this  duct,  as  at  B^  the  ane- 
mometer to  be  tested  is  placed  beyond  the  coil  at  some  point,  as 
nty  and  arranged  so  that  successive  readings  may  be  taken  in 
all  portions  of  the  cross-section ;  the  starting  and  stopping 
mechanism  is  arranged  so  as  to  be  operated  from  the  outside 
of  the  box.  One  or  more  thermometers  are  located  at  TT\ 
thus  permitting  the  measurement  of  the  difference  in  tempera- 
ture of  the  air.  Dry  steam  is  supplied  the  heater  at  F,  and 
the  water  of  condensation  is  drawn  off  at  Ey  being  maintained 
at  a  constant  level  by  aid  of  the  gauge-glassy.  Every  pound  of 
steam  at  known  pressure  and  quality  contains  an  amount  of 
heat  which  is  accurately  obtained  from  the  steam-table,  so  that 
means  are  provided  for  computing  the  heat-units  given  off. 
As  this  must  all  have  been  used  in  warming  the  air  through  a 
a  temperature  T'  —  7",  we  have  means  of  computing  the 
weight,  volume,  and  velocity  of  air  as  explained. 

The  errors  of  anemometers  can  also  be  obtained  by  direct 
comparison  with  instruments  having  known  errors  and  used  in 
a  similar  manner. 

The  velocity  of  air  flowing  through  a  duct  of  given  size 
may  also  be  determined  by  the  use  of  large  measuring-tanks 
which  are  alternately  filled  and  emptied  with  air  in  such  a 
manner  as  to  give  accurately  the  volume  of  air  discharged. 
As  an  illustration  in  Sibley  College  are  two  tanks,  each  hold- 
ing about  300  cubic  feet,  the  arrangement  of  which  is  shown  in 
the  diagram  Fig.  15.     /^and  G  are  two  tanks  like  gasometers, 
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■  which  may  be  alternately  filled  and  emptied,  being  raised  by 
ropes  attached  to  drums,  D  and  E,  which  are  operated  by 
friction -clutches,  A  and  B,  which  are  thrown  into  action  auto- 
matically and  so  as  to  raise  the  tanks  alternately.  R  and  R 
are  rubber  check-valves  opening  to  permit  flow  into  the  tanks; 
R'  and  R',  checks  which  open  to  permit  flow  from  the  tanks. 
The  volume  of  air  discharged  in  a  given  time  divided  by  the 
area  of  cross-section  of  the  discharge  duct  will  give  the  velocity. 


'^^&=(I^= 


^^ 


'r\A  I  ^ 


Fic.  15. 

Iti  1884  the  Prussian  Mining  Commission  investigated,  by 
means  of  a  large  gas-holder  which  contained  over  70,000  cubic 
feet,  the  following  questions  relating  to  the  measurement  of 
the  velocity  of  air: 

(i)  Do  the  formulae  generally  used  for  standardizing  ane- 
mometers in  a  circular  path  in  still  air  give  correct  results  or 
not? 

(2)  Can  the  Pitot  tube  be  applied  practically  for  measuring 
the  speeds  of  air,  and,  if  so,  what  formula  should  be  used  for 
calculating  the  speed  and  quantity  of  air? 

(3)  May  the  fall  in  pressure  between  one  side  and  the  other 
■of  a  thin  orifice  interposed  in  a  pipe  be  used  to  determine  its 
velocity,  and,  if  so,  what  formula  should  be  applied  ? 

(4)  What  is  the  loss  of  head  due  to  friction  caused  by  the 
length  and  diameter  of  pipe  used  ? 

(1)  The  results  of  this  inquiry  were  briefly  as  follows: 
First,  that  the  anemometers  calibrated  by  swinging  in  still  air 


I 
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show  errors  which  range  between  7  and  13  per  cent,  the 
anemometers  always  reading  high. 

(2)  A  Pitot  tube  may  be  used  with  accuracy  for  measur- 
ing the  velocity  of  air,  the  formula  being  as  follows : 

Velocity  of  air  in  meters  per  second  at  zero  centigrade 


__  /head  of  water  in  i 

—  4-     5  ^        density  of  air 


This  reduced  to  the  average  temperature  and  density  of  the 
air  becomes  4  V//,  h  being  the  head  in  millimeters  of  water. 
The  velocity  in  feet  per  second  reduced  to  average  temperature 
and  density  of  the  air  becomes  v  =  66.7  i^//,  h  being  the  head 
in  inches  of  water. 

(3)  The  fall  in  pressure  between  one  side  and  the  other 
of  a  thin  orifice  may  be  used.  If  H  is  the  difference  in  pres- 
sure represented  by  feet  of  air,  the  formula  for  flow  would  be 

in  which  A  is  the  area  and  C  a  coefficient  which  equals  0.64 
for  circular  orifices  and  0.61  for  square  orifices. 

(4)  The  resistance  due  to  friction  as  obtained  in  a  cast- 
iron  pipe  14.3  inches  in  diameter  was  found  to  vary  as  the 
diameter  of  the  pipe  affected  by  the  exponent  1.37,  as  the  square 
of  the  velocity  and  as  the  density  affected  by  the  exponent  2/3. 

The  general  results  of  the  tests  show  that  the  anemometer 
gives  an  exaggerated  value  of  the  air  discharged  by  a  fan, 
especially  when  standardized  by  rotating  in  still  air.  In  com- 
puting the  volume  of  air  delivered,  the  area  in  the  result  would 
be  directly  proportional  to  the  error  of  the  anemometer, 
which,  as  shown  by  the  previous  tests,  averages  not  far  from 
10  per  cent  high.  The  error  in  work  performed  and  efficiency, 
however,  would  vary  as  the  cube  of  velocity,  and  consequently 
as  the  cube  of  the  error  in  the  anemometer.  If  the  anemome- 
ter error  be  10  per  cent,  the  error  in  work  done  and  in  effi- 
ciency would  be  about  33  per  cent. 

32.  The  Flow  of  Air  and  Gases. — The  flow  of  air  obeys 
the  same  general  laws  as  those  which  apply  to  liquids.     The 
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■_'.i'>cs  arc,  however,  compressible,  and  tiie  volume  is  affected 
■  iry  much  by  change  of  temperature,  so  that  the  actual 
results  differ  considerably  (rom  those  obtained  for  liquids. 
These  laws  can  only  be  expressed  in  mathematical  formulas, 
from  which,  however,  practical  tables  are  derived. 

The  flow  of  air  from  an  orifice  takes  place  under  the  same 
general  conditions  as  those  of  liquids,  and  we  have  the  general 
formula  i'  =  ^/2gh  as  applicable.  In  this  case  k  is  the  head 
which  is  equal  to  the  weight  of  a  column  of  air  of  sufRcient 
weight  to  produce  the  pressure.  Air  under  a  barometric 
pressure  of  30  inches  and  at  ;o  degrees  in  temperature  Js  801 
times  lighter  than  water.  The  pressure  of  air  is  usually  meas- 
ured by  its  capacity  of  balancing  a  column  of  water  in  a 
U-shaped  tube  (see  Article  31),  which  maybe  expressed  in 
inches  of  water.  One  inch  of  water-pressure  is  equivalent  to 
66.7  feet  of  air  at  60°,  and  increases  jj^  part  for  each  degree  of 
Increase  in  temperature.  The  above  formula  is  only  approxi- 
F  mate,  and  does  not  account  for  the  change  in  temperatures 
Btd  of  pressures  due  to  expansion,  nor  for  friction  head,  con- 
raction  of  discharge,  etc.;  its  results  are  always  high.  Prof. 
Unwin  gives  in  the  article  "  Hydromechanics,"  Encyc.  Brit, 
Bie  following  formula  for  computing  the  velocity  of  flow  of  air 
prom  an  orifice : 

absolute  temperature  ;  p,  =  absolute  pressure  in  vessel  Uam  wliicli 
flow  takes  place ;  /i  =  absolute  pressure  in  surrounding  space. 
»  fiiiil  the  volume  discharged  the  velocity  must  be  muliiplicd  by 
rea,  and  th.it   result  by  a  coefficient   which   Prof.  Uitwin  gives  , -is 


Moidal  mouthpieces  of  the  (oini  nf  the  contracted  vein.  c  = 

'ith  cRcctive  pressures  o(  .13  In  i.t  atmosphere 097  to  o 

utar  shnrp-cdged  orllices 0.563  " 

t  cylindrical  mouthpieces 0.81     ■■ 

saine.  rounded  at  the  Inner  end 0.91    " 

r  ConirnI  converging'  mouthpieces 0.90    " 

Weisbach  gives  as  a  formula  for  efflux  of  air  under  small 
pressure 
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in  which  F  =  area  of  discharge  orifice,  y  =  the  weight  per  unit 
of  volume,  /  =  initial  absolute  pressure  in  vessel  from  which 
flow  takes  place,  h  =  absolute  pressure  into  which  flow  takes 
place,  b  =  the  atmospheric  pressure,  /i  =  the  coefficient  of  dis- 
charge having  the  following  values  for  pressure  less  than  \  that 
of  the  atmosphere  :  ( i )  f or  an  orifice  in  a  thin  plate,  /i  =  o.  56  ; 
(2)  for  a  short  cylindrical  pipe,  p,  =  0.75  ;  (3)  fora  well-rounded- 
off  conical  mouthpiece,  ^  =  0.98 ;  (4)  for  a  conical  pipe  whose 
angle  of  convergence  is  about  6°,  /i  =  0.62. 

If  we  denote  by  r  the  absolute  temperature  in  degrees 
centigrade,  the  last  formula  may  be  written,  for  dimensions  in 
feet,  

Q  =  I299;i/^* /(i  +  0.C04T)- cubic  feet  per  second. 

liYi^flow  of  air  in  a  pipe  is  retarded  by  friction  and  eddy 
currents  the  same  as  water,  and  is  also  affected  by  the  change 
in  volume  and  density  dependent  upon  change  in  temperature 
and  pressure.  The  formulas  generally  employed  for  comput- 
ing the  flow  of  air  through  pipes  are  obtained  from  Weis- 
bach's  *  Mechanics  of  Engineering ;  they  are  based  on  care- 
fully conducted  experiments,  and  are  as  a  rule  sufficiently  cor- 
rect for  practical  purposes.  Prof.  W.  C.  Unwin  f  has  modified 
some  of  the  Weisbach  formulas  by  comparison  with  recent  ex- 
periments, and  has  deduced  in  this  manner  other  formulas 
which  are  probably  somewhat  more  accurate  than  those  of 
Weisbach,  although  giving  usually  essentially  the  same  results. 
Loss  of  head  or  pressure  in  pipes  through  which  air  is  flowing 
may  be  due  to  friction,  transformation  of  pressure  head  into 
velocity  head,  changes  due  to  gravity  dependent  upon  differ- 
ence of  elevation.  Neglecting  the  latter,  the  loss  of  head  is 
due  to  friction  and  velocity.  The  velocity  head  is  that  por- 
tion of  the  total  head  transformed  inK)  velocity  and  is  ex- 
pressed by  the  formula 

*  Originally  written  in  1856;  translated  and  revised  by  Eckly  B.  Coze 
in  1870. 

f  Article  Hydromechanics,  Encyclopedia  Britannica,  Vol.  XII. 
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The  friction  head  is  that  required  to  overcome  the  friction, 
and  is  given  by  Unwin,  for  a  circular  pipe, 

Weisbach's  formula  is  slightly  different  in  form,  but  gives 
exactly  the  same  results. 

In  the  above  formulas  /  =  length  in  feet,  d  =  diameter  in 
feet,  V  =  velocity  in  feet  per  second,  C  =  the  coefficient  of  fric- 
tion. The  total  loss  of  head  is  equal  to  the  sum  of  the  two 
expressions.  Unwin  gives  the  following  values  for  the  coeffi- 
cient of  friction  C : 

For  ordinary  pipes  C=o.oo5^iH — -^j ,        4^=^-^2\'+7^j- 

For  smooth  pipes  C=o.co28(  iH — — j],      4C=o.oii2(  1+- ^j. 

Weisbach  gives  as  a  value  for  4C : 

4C  =  0.026  to  0.015  for  pipes  of  different  kinds. 

4C  =  1.61    to  1. 4 1    for  90**  elbows. 

4C  =  047    to  0.48    for  long  bends  of  90^ 

M.  Ledoux  obtained  the  following  formula  for  the  flow  of 
air  in  pipes  from  the  results  of  some  very  extended  experi- 
ments *  on  the  flow  of  air  and  steam  through  long  pipes : 

The  loss  of  head  A,  =       ,    . 

6  =  the  weight  per  unit  of  volume. 

>&  =  a  coefficient  which,  for  metric  measure  and  a  straight 
horizontal  conduit,  equals  0.00091  (this  corresponds  to  a  value 
of  0.0172  :=  4(^  as  used  by  Weisbach,  which  is  intermediate  in 
amount  to  those  given). 

Other  symbols  as  before. 

Taking  into  account  all  these  conditions,  Prof.  Unwin  gives  as  a 
formula  for  the  flow  of  air  in  a  circular  pipe 


u% 


^  Annales  des  Mines.  Vol.  II.     Paris,  1892. 
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in  which  u%  =  velocity  in  feet  per  second ; 

^=  53.15; 

/  =  absolute  temperature  ; 

^  =  32.16; 

d  =  diameter  in  feet ; 

/  =  length  in  feet ; 

C  =  coefficient  of  friction  =  0.005(1  +  z/iod)\ 
p%  =  greatest  absolute  pressure ; 
p\  =  least  absolute  pressure. 

For  a  velocity  of  100  feet  per  second  C  varies  from  0.00484  to  0.01213 
for  a  diameter  varying  from  1.64  ft.  to  0.164  ft. 

For  a  temperature  of  60"*  F.  and  for  a  pipe  one  foot  in  diameter  and 
100  feet  long  C  =  0.006.  For  barometer  reading  of  30  inches,  pressure 
being  expressed  in  inches  of  water,  /»  =  407,  we  have 


I/.  =  1. 512  V(^  -/i)(/o  +/l). 

From  the  above  formula  the  third  column  in  Table  26  of  Appendix 
is  computed.  It  is  noted  from  the  general  formula  for  velocity,  page  49, 
that  the  velocity  varies  as  the  square  root  of  the  diameter  in  feet  divided 
by  the  length;  from  this  it  follows  that  to  obtain  the  velocity  for  lengths 
and  diameters  other  than  given,  the  results  in  column  (3)  must  be 
multiplied  by  lo^djl. 

The  fourth  column  of  Table  26  gives  0.7  of  the  theoretical  velocity 
V  =  V'ig^  under  the  conditions  named  above.  It  is  to  be  noted  that  for 
velocities  less  than  40  feet  per  second  the  results  by  the  latter  method 
of  calculation  would  not  be  greatly  in  error. 

M.  Ledoux  states  that  the  formula  giving  the  pressure/  at  the  ex- 
tremity of  a  straight  horizontal  conduit  which  is  supplied  with  a  volume 
Q^  cubic  meters  of  air  per  second  at  the  pressure  p^  and  the  temperature 
7^0  is  as  follows : 

(Q*Ti\ 
I  —  0.0001012  y,  .,  J  in  metric  units,  Centigrade  degrees. 

From  this  the  diameter  of  the  pipe  in  meters  is 


d  =  0.1589     5/ ^ in  metric  units.  Centigrade  degrees. 


■■■S89 '/  ,  ",.,1° 


Diameter  in  feet  equals  for  a  given  flow  of  Q  cubic  feet  per  minute, 
English  measures  (feet)  and  Fahr.  degrees. 


.This  formula  agrees  closely  with  that  of  Prof.  Unwin,  given  above. 
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Flow  of  Sttam  tkraugk  Pipes.— Ihe  writer  investigated  this  subject 
eiperimentally*  and  obtained  the  following  results.  Let/  equal  drop 
fii  pressure  in  pounds,  d  tlie  diameter  of  the  pipe  in  inches.  /  the  length 
of  the  pipe  in  feet,  S  the  density  or  weight  per  cubic  foot  of  the  steam, 
su  ihc  weight  of  steum  discharged  per  minute. 
/         1  6\  tv'I 

The  loss  of  head  p  =  0,000131  ( "  +  ^  1  -s-n . 


The  discharge  in  pounds  per  n 


w  =  87.45 


The  diameter  in  inches  (/  : 


r 


^™        These  formulas  also  agree  closely  v 
and  previously  referred  10. 

Flow  of  Water  Ihrough  Pipes. — The  generally  accepted  formulas  (or 
the  flow  of  water  through  pipes  are  as  follows  when  v  =  velocity  in  feet 
per  second,  d  ■=  diameter  and  /  =  length  and  h  =  head,  all  in  feet: 


ith  experiments  made  by  Ledouz 


(Eyielwein) 


B«hen  d  is  very  small  with  reference  to  /  this  becomes 


■  (Hawksley) 


ft  When  diS  small  with  reference  to  /this  becomes 


.  =  4S/- 


33.  The  Effect  of  Heat  in  produdhg:  Motion  of  Air. — 
The  effect  of  heat  is  to  expand  air  in  proportion  to  its  abso- 
lute temperature  for  each  degree  of  increase.  If  a  column 
of  air  be  heated  it  will  expand  and  occupy  more  space.  In 
I  other  words,  a  given  bulk  will  have  less  weight  as  its  tempera- 
ture is  increased  ;  which  has  the  effect  of  producing  lack  of 
equilibrium,  and  the  warmer  air  will  be  replaced  by  colder  air, 


I 
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causing  a  velocity  which  is  in  proportion  to  the  change  in  tem- 
perature. The  case  is  analogous  to  the 
action  of  two  fluids  in  the  branches  of 
a  U  tube,  Fig.  14,  DA  BC, — the  heavier 
fluid  in  DA  and  the  lighter  fluid  in  BC. 
The  action  of  gravity  causes  the  heavier 
fluid  to  flow  downward  and  displace  the 
lighter  fluid,  causing  an  upward  motion 
in  BC.  If  a  volume  of  the  lighter  fluid 
l5  with  height  greater  than  BC  balances 
^®*  '^-  the  weight  of  the  heavier  fluid  DA ,  the 

flow  which  is  produced  will  take  place  with  a  head  equal  to  the 
difference  in  height  of  AD^  and  an  equal  weight  of  the  lighter 
fluid.  The  flow  will  take  place  in  the  same  manner  whether 
the  heavier  fluid  be  confined  in  a  tube  arranged  as  in  the  dotted 
lines.  Fig.  16,  or  whether  it  be  drawn  from  a  large  vessel, 
or  from  the  surrounding  air.  Let  the  head  which  produced 
the  draught  be  equal  to  h\  the  height  of  the  flue  jffCbe  // ;  let 
/  be  the  temperature  of  the  outside  air  or  heavier  fluid  and  /' 
that  of  the  lighter  fluid  above  32°;  a  the  coefficient  of  ex- 
pansion, which  for  one  degree  of  temperature  of  air  will  be 
y^y.  Since  the  expansion  is  directly  proportional  to  the  in- 
crease in  temperature  above  sa'',  we  shall  have  in  general: 

i±il    fn>m  which    h'  =  ^-'^^  -  ^. 


I  +  a/       I  +  a/  I  +  a/ 

By  substituting  for  a  its  value  ^,  we  shall  have  the  following  for 
the  head  producing  the  flow  in  case  air  is  the  moving  fluid : 

^,  ^      Mf  —  f)       _  h{t'  -  /) 
492(1  +  rhO  "  492  +  ^  ' 

492  +  /  is  the  absolute  temperature  of  the  air. 

The  velocity  is  equal  to  the  square  root  of  twice  the  force  of  gravity^ 
32.16,  into  the  head  which  produces  the  flow,  as  follows: 


V-  ,r^-  i/'''"^''  -  '^  =  A^<^'-^'  =  S^'"'  -  '].  nearly. 
y  —   r  2^/f  _  y        \  j^  at  >^     492  +  /  '^    492  +  /  ^ 

The  velocities  given  above,  multiplied  by  60  and  by  the  area  of  cross- 
section,  will  give  the  discharge  in  cubic  feet  per  minute.  Mr.  Alfred  R. 
Wolff  takes  the  actual  discharge  as  0.5  of  that  given  by  the  formula,  so 
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that  the  actual  dischai^e  in  cubic  feet  per  minute  would  be,  with  50  per 
cent  allowance  for  friction, 


^  492  ^  r 


492 

in  which  /*  equals  the  area  of  cross-section  of  the  flue  in  square  feet. 
Table  XVI,  appendix,  gives  the  velocity  in  feet  per  second  for  various 
temperatures  and  heights  computed  from  the  formula  page  52. 

Multiplying  the  figures  in  Tabic  XVI  by  3,600  gives  the 
cubic  feet  of  air  discharged  per  hour  per  square  foot  of  cross- 
section.  Multiplying  by  60  gives  the  discharge  in  cubic  feet 
per  minute. 

In  order  to  find  the  work  performed  by  the  heat  applied  to  moving 
the  air  the  following  calculation  may  be  made : 

Let  R  equal  the  total  heat  used  to  warm  the  air  in  heat-units,  c  the 
specific  heat  of  air  (equals  0.238),  7"  the  absolute  temperature  s  482  +  /, 
P  the  total  weight  of  air  passing  from  the  chimney  in  a  given  time.  As 
the  weight  of  air  multiplied  by  its  specific  heat  and  also  by  the  difference 
in  temperature  is  equal  to  the  total  heat  supplied  in  heat-units,  we  have 

H  =  Pcif  -  /), 

from  which,  by  transposing,  we  have 


The  mechanical  work  in  every  case  is  to  be  found  by  multiplying  the 
weight  of  discharge  by  the  square  of  the  velocity  divided  by  twice  the 
accelerating  force  due  to  gravity  (Tg-).     From  a  preceding  formula, 

¥  =  ~T- (^) 

The  product  of  the  second  members  of  the  last  two  equations  gives 
the  mechanical  work  in  foot-pounds  required  to  discharge  the  air,  neglect- 
ing friction,  as  follows : 

^'^-^  =  Ft (^) 
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Had  the  chimney  been  perfect,  all  the  heat  would  have  been  converted 
into  mechanical  work,  in  which  case  we  should  have  had  ^^%  foot-pounds 
of  work  for  every  unit  of  heat  expended,  or,  as  a  condition  of  perfect 
utilization  of  heat, 

Wp  =  778^. (<») 

The  efficiency  E  of  the  chimney  must  be  the  quotient  obtained  by 
dividing  equation  (^)  by  (</) : 


£=^^ 


w p"  ^^^c  T '^  i^.zT" 

When  the  temperature  of  the  outside  air  is  60  degrees  the  absolute 
temperature  T  is  520,  and  for  that  temperature  the  efficiency 

96,304" 

From  this  discussion  it  is  noted  that  by  the  application  of  a  given 
amount  of  heat  the  useful  work  done  in  discharging  air  from  a  chimney 
varies  directly  as  the  height  of  the  chimney  and  inversely  as  the  absolute 
temperature  of  the  outside  air;  when  the  outside  air  is  60  degrees  the 
chimney  would  need  to  be  96,304  feet  in  height  in  order  to  convert  all  the 
heat  applied  into  useful  work. 

The  preceding  discussion  relates  to  the  discharge  of  air  from  the 
chimney.  The  velocity  of  air  entering  the  chimney  will  be  equal  to  the 
velocity  of  discharge  multiplied  by  the  ratio  of  absolute  temperatures  of 
outside  and  entering  air.  If  V*  represent  the  admission  velocity,  T' 
and  T  the  absolute  temperatures,  we  shall  have 


from  which 


_T       /2^/i(r 


VT       T       lyrh{,T  -  T) 

r 


The  work  in  foot-pounds  per  second  will  be  found  by  multiplying 
the  above  value  by  the  value  of  P  as  follows : 

P  K'«      Rh  T 
The  above  equation  gives  the  useful  work  performed  in  delivery  of  air 
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into  the  chimney.    The  efficiency  for  this  condition  is  determined  by 
dividing  formula  {e)  by  formula  {d\  in  which  case  we  have 


(/> 


In  order  to  utilize  all  the  heat  in  the  mechanical  work  of  moving  the 
air,  the  height  for  this  case  will  need  to  be  somewhat  greater  than  for  the 
preceding  one.  It  will  be  noted,  however,  that  the  efficiency  is  exceed- 
ingly low  for  any  chimney  of  ordinary  height,  Whether  we  consider  the 
case  of  supplying  air  to  the  chimney  or  of  delivering  air  from  the 
chimney. 

34.  Distribution  of  Air. — The  most  difficult  problem  con- 
nected  with  ventilation  is  that  relating  to  the  uaiform  distri- 
bution of  air;  it  is  comparatively  easy  to  introduce  a  definite 
volume  of  air  into  a  given  space  in  any  time  desired,  but  it  is 
exceedingly  difficult  to  prevent  the  formation  of  air  currents 
and  eddies  which  interfere  with  efficient  ventilation.  The  air 
for  ventilation  should  be  uniformly  distributed  throughout  the 
room;  it  also  should  be  warmed  sufficiently  to  prevent  a  sensa- 
tion of  chilliness  on  the  part  of  the  occupants ;  in  many  in- 
stances all  the  heat  needed  for  warming  a  room  is  obtained 
from  the  air  for  ventilation. 

It  is  found  from  experience  that  if  the  velocity  of  the  enter- 
ing air  is  v^y  great  it  produces  a  disagreeable  current,  which  is 
generally  known  as  a  draught,  and  is  more  or  less  dangerous 
to  health.  The  following  table  from  Loomis*  Meteorology  gives 
the  relation  between  the  velocity  and  force  of  air: 

RELATION  BETWEEN  VELOCITY  AND  FORCE  OF  AIR. 


SensatioQ. 

Velocity. 

Pressure, 

Lbs.  per  Sq. 

Foot. 

Miles  per 
Hour. 

Feet  per 
Second. 

Just  perceptible 

Gently  pleasant 

Pleasant  brisk. 

2 
4 

25 

35 

45 
60 

T 
80 

100 

2.92 

5.85 
18.3 

36.6 

51.5 
66 

88 

105 

117 
1 146 

0.02 

0.08 

0.750 

3.0 

6 

10 

18 

24 
31 
49 

Very  brisk 

High  wind 

Verv  hitrh  wind 

Stroni;  crale 

Violent  crale 

Hurricane 

Most  violent  hurricane . . 
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It  is  quite  generally  agreed  that  the  velocity  of  the  entering 
air  should  not  exceed  four  to  six  feet  per  second  unless  it  can 
be  introduced  in  such  a  position  as  to  make  an  insensible  cur- 
rent. The  table  which  has  just  been  given,  while  only  approxi- 
mately correct,  gives  a  very  fair  idea  of  the  sensations  produced 
by  air-currents  of  different  velocities  and  pressures,  and  is  use- 
ful in  fixing  limiting  values. 

The  most  effective  location  for  the  air-inlet  is  probably  in 
or  near  the  ceiling  of  a  room,  although  authorities  differ  much 
in  this  respect.  The  advantages  of  introducing  warm  air  at  or 
near  the  top  of  the  room  are  :  first,  the  warmer  air  tends  to  rise 
and  hence  spreads  uniformly  under  the  ceiling;  second,  it 
gradually  displaces  other  air,  and  the  room  becomes  filled  with 
pure  air  without  sensible  currents  or  draughts ;  third,  the  cooler 
air  sinks  to  the  bottom  and  can  be  taken  off  by  a  ventilating- 
shaft.  So  far  as  the  system  introduces  air  at  the  top  of  a  room 
it  is  a  forced  distribution,  and  produces  better  results  than 
other  methods.  When  the  inlet  is  placed  in  the  floor  or  near 
the  bottom  part  of  the  walls  it  is  a  receptacle  for  dust  from  the 
room,  and  a  lodging-  and  breeding-place  for  microbe  organisms. 
In  the  ventilation  of  large  buildings  the  inlets  can  usually  be 
located  in  the  ceiling,  especially  if  the  lighting  be  done  by 
electricity  or  in  some  manner  not  affected  by  air-currents. 

Some  experiments  were  made  by  Mr.  Warren  R.  Briggs,  of 
Bridgeport,  Conn.,  on  the  subject  of  the  proper  method  of 
introducing  pure  air  into  rooms  and  the  best  location  for  the 
inlet  and  outlet.  The  experiments  were  conducted  with  a 
model  having  about  one  sixth  of  the  capacity  of  a  schoolroom 
to  which  the  perfected  system  was  to  be  applied.  The  move- 
ments of  the  air  in  the  model  of  the  building  were  made  visi- 
ble by  mingling  the  inflowing  air  stream  with  smoke,  which 
rendered  all  the  changes  undergone  by  it  in  its  passage  appar- 
ent to  the  eye. 

The  results  of  the  experiments  are  shown  graphically  in  the 
six  sketches,  Figs.  15  to  20.  In  each  case  the  distribution  of 
the  fresh  air  is  indicated  by  the  curved  lines  of  shading.  A 
study  of  these  sketches  is  very  suggestive,  as  it  indicates  the 
best  results  when  the  inlet  is  on  the  side  near  the  top,  and  the 
outlet  is  in  the  bottom  and  near  the  centre  of  the  room.     The 
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Ftendency  of  the  entering  air  to  form  air-currents  or  draughts, 
I  uhicli  in  "some  instances  tend  to  pass  out  without  perfect  dif- 
'  fusion,  is  well  shown.     This  tendency  is  less  as  the  velocity  of 
the  entering  air  is  reduced,  and  we  probably  get  nearly  per- 
fect diffusion  in  every  case  where  the  outlet  is  well  below  that 
of  the  inlet,  provided  the  velocity  of  the  entering  air  is  small 
1  feet  per  second. 


Orroiiih  SiniL 


SK  HEATING   AND    VENTILATING   BUILDINGS. 


Fir..  20.— Ate  Admitted  on  Side,  Di; 


5^Li<  -  '-^r-^ 


BUEATHING  LINE 


Fm.  21,— Air  AuMinKi.  at  HorjoM.   DiscifAROtD  near  Bottoil 


35.  The  Outlet  for  Air. — The  outlet  for  air  should  be  a 
near  the  bottom  oE  a  room  as  possible,  and  it  should  be  com 
nected  with  a  flue  of  ample  size  maintained  at  a  temperatui 
higher  than  that  of  ihe  surrounding  air,  unless  forced  CJrCuq 
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tiun  is  in  use,  ill  which  case  the  excess  of  pressure  in  a  room 
will    produce   the   required   circulation.     If    the   temperature 

(til  a  room  is  higher  than  that  of  the  surrounding  air,  and  if  the 
||ac  leading  to  the  outside  air  can  be  kept  from  cooling  and  is 
W  ample  size  and  well  proportioned,  the  amount  of  air  which 
■will  be  discharged  will  be  given  quite  accurately  by  the  tables 
referred  to.  These  conditions  should  lead  us  to  locate  vunt- 
flues  on  the  inside  walls  of  a  house  or  building,  and  wiiere  they 
will  be  kept  as  warm  as  possible  by  the  surrounding  bodies. 
U  (or  any  reason  the  temperature  in  the  flue  becomes  lower 
than  that  of  the  surrounding  air  the  current  will  move  in  a  re- 
verse direction,  and  the  ventilation  system  will  be  obstructed. 

The  conditions  as  to  size  of  the  outlet  register  are  the  same 
as  those  for  the  inlet ;  the  register  should  be  of  ample  size,  the 
■'Opening  should  be  gradually  contracted  into  tlie  flue,  and  every 
Bhrecaution  should  be  taken  to  prevent  friction  losses. 
^^      36.  Ventilation-flues. — The    size   of    ventilation-flue   will 
depend    to  a   great  extent  upon 
iliL- character  of  system  adopted, 
but  will  in  all  cases  be  computed 
13  previously  explained.     A  prac- 
tical system  of  ventilation  gener- 
ally is  intimately  connected  with 
^^^stem  of  heating,  and  the  vari- 
Bitus  problems  relating  to  tiie  size 
und    construction    of   ventilating 
'iucts  will  be  considered  later.    In 
-i-neral  the  ducts    should   be  of 
-uch  an  area  as  not  to  require  a 
high  velocity,  since  friction  and 
t'ddics  are  to  a  great  extent  due 
to  this  cause. 

The  size  of  the  ventilating 
iluct  can  be  computed,  knowing 
its  rise,  length,  and  the  difler- 
nice  of  temperature  by  dividing 
the  total  amount  to  be  discharged 
hy  the  amount  flowing  through  c 
Quu  under  the  same  conditions. 


ne  square  foot  of  area  of  the 
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In  introducing  heated  air  into  a  room,  it  is  very  much  bet- 
ter to  bring  in  a  large  volume  heated  but  slightly  above  the 
required  temperature  of  the  room  rather  than  a  small  volume 
at  an  excessively  high  temperature.  If  the  temperature  of  the 
air  be  brought  in  25  degrees  above  that  of  the  air  in  the  room, 
the  discharge  in  a  flue  one  square  foot  in  area  would  be  in 
cubic  feet  per  minute,  171  for  a  height  of  10  feet,  271  for  a 
height  of  25  feet,  342  for  a  height  of  40  feet.  By  referring  to 
Tabic  16,  Appendix,  the  discharge  for  any  condition  can  be 
readily  determined. 

As  the  difference  of  temperature  of  the  air  in  the  room 
and  outside  may  usually  be  taken  as  20^1  the  velocity  in  feet 
per  minute  for  heights  corresponding  to  the  distance  of  floor 
to  roof  in  a  building  of  3  stories  would  be  about  as  follows : 
1st  floor,  306  ;  2d  floor,  242  ;  attic  or  top  floor,  188, — or  about 
5,  4,  and  3  feet  per  second.  For  air  discharged,  the  order  of 
the  velocities  would  be  reversed  on  the  particular  floors.  The 
area  of  the  flue  would  be  found  by  dividing  the  total  air  re- 
quired per  second  by  these  numbers. 

The  general  arrangement  for  heating  the  air  and  introduc- 
ing it  into  a  room  is  shown  in  Fig.  21.  In  this  case  the  cold 
air  is  drawn  in  at  D  and  delivered  into  the  chamber  C,  whence 
it  passes  through  the  heater,  thence  into  the  flue,  entering  the 
room  at  the  register  B.  The  vitiated  air  enters  the  ventilating 
flue  at  E, 

37.  Summary  of  Problems  of  Ventilation. — From  the 
foregoing  considerations  it  is  to  be  noted  that  the  practical  prob- 
lems of  ventilation  require  the  introduction,  first,  of  thirty  or 
more  cubic  feet  of  air  per  minute  for  each  occupant  of  the 
room,  and  in  addition  sufficient  air  to  provide  perfect  combus- 
tion for  gas-jets,  candles,  etc.,  which  are  discharging  the  prod- 
ucts of  combustion  directly  into  the  room.  Second,  the  prob- 
lem requires  the  fresh  air  to  be  introduced  in  such  a  manner 
as  to  make  no  sensible  air-currents,  and  to  be  in  such  quanti- 
ties as  to  keep  the  standard  of  contamination  below  a  certain 
amount.  This  problem  can  be  solved  by  either,  first,  moving 
the  air  by  heat,  in  which  case  the  motive  force  is  very  feeble 
and  likely  to  be  counteracted  by  winds  and  adverse  conditions; 
second,  by  moving  the  air  by  fans  or  blowers,  in  which  case 
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the  circulation  is  more  positive,  and  less  influt^nced  by  otl.cr 
cunditioiis. 

The  methods  for  meeting  these  conditions  will  be  given 
under  appropriate  heads  in  Inter  articles. 

It  will  generally  be  found  much  more  convenient  to  esti- 
mate the  air  required,  not  in  cubic  feet  per  minute  for  each 
person,  but  by  the  number  of  times  the  air  in  the  room  will 
need  to  be  changed  per  hour.  If  the  number  of  people  who 
occupy  a  room  be  known,  and  each  one  requires  30  cubic 
feet  of  air  per  minute  or  1800  cubic  feet  per  hour,  one  can 
easily  compute  the  number  of  times  the  air  in  a  room  must  be 
changed  to  meet  this  requirement.  Thus  a  room  containing 
l&OO  cubic  feet,  in  which  five  people  might  be  expected  to  stay, 
would  need  to  have  the  air  changed  five  limes  per  hour  in 
order  to  supply  the  required  amount  for  ventilation  purposes. 

By  consulting  the  table  Properties  of  Air,  No.  X,  it  will 
be  seen  that  one  heat-unit  contains  sufficient  heat  to  warm  55 
cubic  feet  of  air,  at  average  pressures  and  temperatures,  one 
degree;  so  that  practically  to  find  the  number  of  heat-units  re- 
quired for  warming  the  air  one  degree  we  must  simply  divide 
by  55  the  number  of  cubic  feet  to  be  supplied,.  If  the  cubic 
contents  of  the  room  is  to  be  changed  from  five  to  ten  times 
per  hour,  we  can  very  readily  make  the  necessary  computations 
by  knowing  the  volume  of  the  room. 

Even  in  the  case  of  direct  heating,  where  no  air  is  purposely 
supplied  for  ventilation,  there  will  be  a  change  by  diffusion  of 
the  air  in  a  room,  this  the  writer  has  found  practically  met 
by  an  allowance  equal  to  one  to  three  changes  in  the  cubic 
contents  per  hour,  which  serves  to  supply  heat  for  ventilation 
purposes  in  addition  to  that  transmitted  by  the  walls. 

The  number  of  times  that  air  will  need  to  be  changed 
per  minute  in  a  given  room  will  depend  upon  its  size  as  cuni- 
pared  with  the  number  of  occupants.  If  we  take  the  smallest 
site  of  rooms,  in  which  we  allow  only  400  cubic  feet  of  space 
per  occupant,  a  supply  of  30  cubic  feet  per  minute  would 
change  the  air  in  this  space  in  1  3I  minutes,  or  at  the  rate  of  4^ 
times  per  hour.  li  6cK)  cubic  feet  are  supplied  per  occupant, 
the  air  of  the  room  would  be  changed  once  in  20  minutes,  or 
at  the  rate  of  3  times  per  hour.     The  following  table  may  be 
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of  practical  value,  as  it  shows  the  number  of  changes  per  hour 
required  to  supply  each  person  with  30  cubic  feet  per  minute 
when  the  space  supplied  is  as  given  in  the  table : 

Space  to  each  Person.  Number  of  Times  Air  to  be 

Cubic  Feet.  Changed  per  Hour. 

100 18 

200 9 

300 6 

400 4.5 

500 3.6 

600 3 

700 2.6 

800 2.25 

900 2 

38.  Dimensions  of  Registers  and  Flues. — The  approxi- 
mate  dimensions  of  registers  and  flues  can  be  computed  from 
consideration  of  the  limiting  velocity  of  entering  air. 

For  residence  heating  the  velocity  in  flues  is  likely  to  be  as 
follows,  in  feet  per  second : 


First  story  . . 
Second  story 
Third  story. , 
Attic  floor . . 


Warm-air 
Duct. 


2.5  to  4 

5 

6 

7 


Ventilating 
Duct. 


6 

5 

4 
3 


Bnterin|f  Air 
at  Register. 


3 
3 
3 
3 


Discharge  Air 
at  Register. 


4 
4 
3 


The  velocity  per  hour  being  3600  times  that  per  second,  the 
area  of  the  duct  can  be  found  by  dividing  the  cubic  feet  of  air 
needed  per  hour  by  3600  times  that  in  the  above  columns.  If 
the  air  required  is  taken  as  a  certain  number  of  times  the 
cubic  contents- of  the  room  the  following  method  is  applicable: 

If  we  denote  the  cubic  contents  of  a  room  by  C,  the  num- 
ber of  times  the  air  is  to  be  changed  per  hour  by  «,  the 
velocity  in  feet  per  second  by  F,  then  will  the  area  in  square 


feet  A  = 


nC 


In  square  inches  a  = 


nC 


3600  r  *"^^"'* '"•"25^ 

The  following  table  gives  the  net  area  in  square  inches  for 
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each  iocx>  cubic  feet  of  space,  of  either  the  hot  air  or  ventilat- 
ing register,  for  any  required  velocity  of  the  air.  The  net 
area  is  about  0.7  the  nominal  area.  (See  Table  of  Registers, 
Article  144.) 

AREA   IN  SQUARE   INCHES  FOR   EACH    1000  CUBIC   FEET 

OF  SPACE. 


Velocity,  Feet 
per  Second. 


I 

2 

3 
4 

5 

6 

8 
10 

15 
20 

25 
30 


Number  of  Times  Air  changed  per  Hour. 


40 
20 

133 
10 

8 

6.7 
5 

4 
2.7 

2 

1.6 
1.3 


80 

40 
26 

20 
16 

13 

4 
8 

5.3 
4 

3-4 
2.7 


120 
60 
40 
30 

24 
20 

15 
12 

8 

6 

4.8 

4 


160 
80 

53 
40 

34 

27 
20 

17 
II. 3 

8.5 
6.8 

5-7 


200 
100 

67 
50 
40 

33 
25 
20 

13.3 
10 

8 
6.7 


240 
120 

80 

60 

48 

40 

30 

24 
16 
12 

9.6 

8 


8 


320 

160 

107 

80 

64 

53 
20 

32 

21 

16 

12.8 

10.5 


10 


400 
200 

133 
100 

80 

67 

50 

40 

26.6 

20 

16 

13.3 


CHAPTER   III. 
AMOUNT  OF  HEAT   REQUIRED   FOR  WARMING. 

39.  Loss  of  Heat  from  Buildings. — Heat  is  required  to 
warm  the  air  of  a  room  to  a  given  temperature,  to  supply 
the  loss  due  to  the  radiation  and  conduction  of  heat  from 
windows  and  walls,  and  to  supply  the  heat  for  the  air  re- 
quired for  ventilation.  The  amount  of  heat  required  for  these 
various  purposes  will  depend  largely  upon  the  construction  of 
the  building  and  the  supply  needed  for  ventilation  purposes. 

This  question  was  investigated  experimentally  by  P^clet, 
and  it  also  received  attention  by  Tredgold  at  about  the  same 
time,  and  has  been  more  recently  investigated  by  the  German 
Government.  Peclet's  investigations  were  carried  out  with 
extreme  care,  and  reduced  to  general  laws.  He  divides  the 
loss  into  two  parts  :  first,  that  from  the  windows  ;  second,  that 
lost  by  conduction  through  the  walls.  He  considers  the  loss 
in  each  case  from  the  exterior  of  the  wall  as  due  in  part  to 
radiation  and  in  part  to  convection. 

40.  Loss  of  Heat  from  Windows. — The  values  which 
P^clet  found  for  glass,  reduced  to  English  measures,  were  as 
follows  :* 


LOSS  PER  SQUARE  FOOT  PER  DEGREE  DIFFERENCE  OF  TEM- 
PERATURE  FAHR.  PER  HOUR  FOR  WINDOWS. 


Height  of  Window. 

3  ft.  3  in. 

6  ft.  7  in. 

10  ft. 

13  ft.  3  in. 

16  ft.  3  in. 

Loss    in    B.   T.   U.    per"! 
square  foot  per  degree  ! 
difference  of  tempera- 
ture, 

0.98 

0.945 

0.93 

0.9a 

0.91 

*  The  general  formula  which  P6c1et  gives  as  expressing  this  loss  is  as  fol- 
lows :  il/=^(7'— OKA'+A"),  in  which  7*  equals  temperature  of  the  room,  6  = 
temperature  of  the  air,  K  •=  coefficient  loss  tor  radiation,  Ar'=  coeiBcient  loss 
for  convection.  K*  varies  with  the  height.  K  is  constant,  and  in  all  cases 
equal  to  291  when  the  temperature  is  measured  by  a  centigrade  thermometer. 
The  values  of  the  coefficients  AT  and  K'  were  determined  by  experiment. 
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For  multiple  glass  the  above  numbers  are  to  be  multiplied 
by  the  following  coefficients  : 


The  coefficients  given  above  do  not  differ  greatly  from 
unity  for  each  square  foot  of  single  glass  and  two  thirds  as 
much  for  each  square  foot  of  double  glass  per  degree  differ- 
ence of  temperature. 

Tredgold,   in   his   work   on  '*  Warming   and  Ventilation," 

I  states  that  one  square  foot  of  glass  will  cool  90  cubic  feet  of 
air  one  degree  per  hour.  This  is  about  equivalent  to  1,7  B.  T. 
ll.  per  degree  difference  of  temperature  per  hour.  This 
pumber  was  used  in  computation  by  both  Tredgold  and  Hood, 
hcglccting  the  cooling  effect  of  the  walls.  Hood,  in  his  work 
Jl'Warniing  of  Buildings,"  third  edition,  page  213,  gives  various 
other  experiments  of  the  same  nature. 

Mr.  Alfred  R.  Wolff,  M.E.,  in  a  recent  pamphlet  gives  co- 
efficients adopted  by  the  German  Government,  as  follows  : 

Heat  transmission  in  B.  T.  U.  per  square  foot  per  hour,  per 
degree  difference  of  temperature  :  Single  window,  i.og ;  single 
skylight.  J.l  18:  double  window.  0.518;  double  skylight,  0.621. 
These  coefficients  are  to  be  increased,  as  explained  in  the  next 
article,  for  exposed  buildings. 

41.  Loss  of  Heat  from  Wails  of  Buildings.— The  loss  of 
heat  depends  upon  the  material  used,  its  thickness,  the  num- 
ber of  layers,  the  difference  of  temperature  between  outside 
and  inside  surfaces,  and  air  exposure. 

The  problem  is  one  very  difficult  of  theoretical  solution, 
and  wc  depend  principally  for  our  knowledge  on  the  results  of 
experiments. 

The  following  tables  were  computed  from  formula  given  by 
Piclet  and  reduced  to  English  measures  by  the  writer:* 


•-V=  Ce(7--e)  +  (aC+  Of),   in    which  G  =  A' +  A",   /  =  ihlckncss. 
and  C  =  coefficient  of  coaduction.  See  Table  XVII.    Other  vaiues  as  on  page 
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AMOUNT  OF  HEAT  IN  BRITISH  THERMAL  UNITS  PASSING 
THROUGH  WALLS  PER  SQUARE  FOOT  OF  AREA  PER  DEGREE 
DIFFERENCE  OF  TEMPERATURE  PER  HOUR. 


SiDBl 

W.1L 

Wall  with  Alr.*(»«. 

Brick  or  Stone. 

WoaJ.- 

Brkk  or  Stooc. 

0.43 

0  13 

0.36 

0.37 

06s 

0 

30 

0.33 

D4S 

IS 

0.3S 

033 

o.ae 

OJI 

19 

so 

0.35 

t>3 

O.J4 

[»9 

037 

33 

MS 

36 

Q30 

40 

** 

•^ 

Mr.  Alfred  R.  Wolff,  in  a  lecture  before  the  Franklin  In- 
stitute.f  gives  coefficients  for  loss  of  heat  from  walls  of  various 
thicknesses,  which  he  translated  from  and  transformed  into 
American  units  from  tables  prescribed  by  the  German  Govern- 
ment as  follows  1 


FOR  EACH  SQUARE  FOOT  OF  BRICK  WALL. 

Thickness  of  wall  = 

4"     8" 

\%- 

16" 

so" 

1'4" 

38" 

'■" 

36" 

40" 

Lf^ss  of  heat  per  square 
fool     ptr     hour    per 
decree   difference   o( 
lemperalurc 

0-6SD.46 

0,33 

0.36 

0-23 

[1,30 

0.174 

0.15 

0.139 

0.M5 

I  square  fool,  nooden  beam,  planked  (  as  flooring. . ..  IT n  0.083 

over  or  ceiled.  }  as  ceiling A"  =  o.  104 

I  square  fool,  fireproof  construction,  j  as  flooring. K  =  o.  124 

floored  over,  )  as  ceiling A'  =  o.i4j 

I  square  fool,  single  window X  =    I.oq 

1  square  foot,  single  skylight A''=  i.iiS 

I  square  fool,  double  window A'=  o.^lS 

I  square  foQi.  double  skylight A'  =  0.63I 


*  This  experiment  applies  10  solid  wood  :  it  is  evidentljr  of  little  use  when 
applied  to  wooden  buildings,  since  these  buildings  generally  present  bo  man^ 
opportunities  for  loss  of  heal  through  crevices. 

t  Lecture  on  Healing  of  Large  Buildings,  published  in  pampblet  form. 
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Prof.  J.  H.  Kinealy  in  a  recent  book,  "yormulas  and 
Tables  for  Heating,"  has  given  a  translation  from  the  German 
work  by  Recknagel  and  Rietschel  of  the  values  adopted  for 
computing  loss  of  heat  from  buildings,  which  results  are  some- 
what nearer  the  results  obtained  by  P^clet  than  those  given 
by  Wolff.  The  following  tables  are  taken  from  that  work,  the 
heat  expressed  in  B.  T.  U.  per  square  foot  per  hour  per  degree 
difference  of  temperature  being  represented  by  A': 

Cocfficicnl  of  Cotiiiclent  ol 

H<al-lou,  A-.  HeaulOM,  K. 

[   Single  window 1.03  Doors 0.410 

I   Double  window o-4Ti  Plaster  1.6  to  3.6  in.  thick  o.ti% 

!  skylight 1,090  ■■         a.6  103.3  ■■        ■■      0.491 

I   Double  tkyligbi 0.491 

DSS    OF   HEAT   THROUGH    BRICK    WALLS,    BRICKS  S}  X  4  X  3 
INCHES.  LAID   WITH    MORTAR  JOINTS   (  INCH   THICK. 


Ouuld 

Wa 

,.. 

Inside 
Wall.Boili 

Plu'urcd 

WUbAd 

.io:«,Stc 

neFau. 

ar  Wall. 

PIW«. 

PlMltteJ. 

'iKr^r 

ThfclT 

iilni:hH 
Thitk. 

space  ol 

1  brick 

i  brick! 

1      •■ 

\  ;: 
*  - 

37 

as 

'9 
16 
1-4 

49 

t 

18 
16 

0.43 
■33 
.36 

0.31 

■  flS 
.la 
.19 
."7 
■"S 

o.ag 
.as 

.18 
.16 
.14 

o.a6 

0,3S 
■19 

■13 

!*  ■• 

LOSS   OF   HEAT   THROUGH   STONE  WALLS. 


Total 
THickaen. 

Thickn™. 

Sand  ji  on*. 

LioiciLone, 

Iiieb«. 

la 

0,36 

o.aS 

■39 

•43 

36 

■a4 

.36 

■35 

.38 

.24 

a4 

■3' 

1             48 

.19 
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These  coefficients  arc  to  be  increased  respectively  as  Fol- 
lows, as  stated  by  Rietschel : 

Ten  per  cent  where  the  exposure  is  a  northeriy  one  and  the  winds 
are  to  be  counted  on  as  important  factora. 

Ten  per  cent  when  the  building  is  heated  during  the  daytime  only, 
and  the  location  of  the  building  is  not  an  exposed  one. 

Thirty  per  cent  when  the  building  Is  heated  during  the  daytime  only, 
and  the  location  of  the  building  is  exposed 

Fifty  per  cent  when  the  building  is  heated  during  the  winter  months 
intermittently,  with  long  intervals  (say  days  or  weeks)  of  non-beating, 

Mr.  Wolff  has  arranged  the  results  in  a  graphical  form  (Fig. 
22),  so  that  the  values  for  heat  losses  can  be  obtained  by  in- 
spection. 


Fic.  aa.— Wolff's  Diagram  op  Lost  of  Hkat  fkou  Walls. 

In  this  diagram  distance  in  horizontal  direction  is  the  re 
quired  difference  in  temperature  between  that  of  the  room  and 
the  outside  air ;  the  various  diagonal  lines  correspond  to  the 
different  radiating  surfaces  of  the  building,  floors,  ceiling,  dooisi 
windows,  etc.  The  heat  transmitted  per  square  foot  of  sur- 
face per  hour  is  given  by  the  numbers  in  the  vertical  column. 
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Tlie  German  Government  require  compulations  to  be  made 
flltiwing  assumed  lowest  temperatures  :* 

Exiernal  temperature 4'  Fahr. 

Assumed  lowest  temperature  of  noii'heated  cellar 
and  other  portions  of  building  permanently  non- 
heated  31 

Vestibules,  corridors,  etc.,  non-)ieated,  and  at  fre- 
quent intervals  in  direct  contact  with  external 


{  Metal  and  slaie  roofs. . ,    14." 
ir-spaces  between  roof  J  Denser  methods  of  root- 
and  ceiling  of  rooms.  I      ing,  such  as  brick,  con- 

i,     crctc.  etc 33* 


As  the  temperature  to  be  attained  in  rooms 
German  Government  prescribes  for — 

Stores  and  dwellings 68°  Fahr. 

Halls,  auditoriums,  etc 64° 

Corridors,  staircase-halls,  etc 54' 

Prisons,  occupied  by  day  and  night 64' 

In  making  calculations  for  heat  losses  for  buildings  in 
America  the  minimum  external  temperature  is  usually  assumed 
as  zero  Fahr.,  and  the  required  temperature  in  stores  and  dwell- 
ings as  70  degrees.  In  many  portions  of  the  country  the  cor- 
ridors, staircase,  halls,  etc.,  are  required  to  be  from  65°  to  C 
while  in  other  portions  of  the  country  the  halls  are  required  to 
be  as  warm  as  the  living-rooms.  In  the  preceding  computa- 
tions no  allowance  has  been  made  for  the  heat  carried  off  in 
the  process  of  ventilation,  nor  for  that  supplied  from  the  bodies 
of  people  in  the  room,  gas,  electric  lights,  etc. 

The  loss  of  heat  from  walls  and  glass  surfaces  has  also  been 
considered  by  Leicester  Allen,  Metal  Worker,  October,  1892  ; 
and  by  John  J.  Hogan.  Mr.  Hogan  gives  the  cooling  power 
of  one  square  foot  of  glass  as  t.57  heat-units,  and  that  of  a 
brick  wall  4  inches  thick  as  .231 — results  which  are  somewhat 
different  from  those  given  by  Mr.  WolfT. 

42.  Heat  required  for  Purposes  of  Ventilation. — In  ad- 
dition to  the  loss  of  heat  thrnugh  walls  of  buildings,  moi 
less  heat  will  be  carried  off  by  the  air  which  escapes  from 
various  cracks  and  crevices. 

By  consulting  Table  X  it  will  be  seen  that,  for  ordinary 
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temperatures  and  pressures,  55  cubic  *  feet  of  air  will  absorb  one 
heat-unit  in  being  warmed  one  degree  F.,  and  hence  can  be 
considered  the  equivalent  of  one  pound  of  water. 

The  heat-units  required  for  ventilation  can  then  be  found 
by  multiplying  the  number  of  cubic  feet  of  air  by  the  differ- 
ence of  temperature  between  warm  and  outside  air,  and  divid- 
ing by  55,t  which  is  essentially  the  same  as  multiplying  by  0.02 

Total  Heat  Required. — By  referring  to  the  values  for 
heat  losses  given  by  Wolff  and  P^clet,  it  will  be  noted  that  a 
fair  coverage  value  would  be  i  heat-unit  for  glass  and  0.25  heat- 
unit  for  walls  per  degree  difference  of  temperature  per  square 
foot  per  hour.  Usually  we  can  neglect  all  inside  walls,  floors, 
and  ceilings,  and  consider  only  the  exposed  or  outside  walls 
with  sufficient  accuracy. 

For  direct  heating  of  residences  it  seems  necessary  to  con- 
sider the  air  of  halls  changed  3  times  per  hour,  that  of  rooms 
on  first  floor  2  times  per  hour,  and  that  of  rooms  on  the  upper 
floors  once  per  hour,  to  account  for  changes  taking  place  by 
diffusion. 

If  C  represent  cubic  contents  of  room,  W  the  area  of  ex- 
posed wall  surface,  G  the  area  of  glass,  n  the  number  of  times 
air  IS  changed  per  hour,  /  the  difference  of  temperature  be- 
tween air  in  room  and  outside,  we  have,  as  a  general  formula 
for  heat  required,  in  heat-units  per  hour, 

h  =  (o.o2»C  +  G^  +  }  W)t. 

Very  elaborate  methods  of  computing  the  loss  of  heat 
through  the  walls  of  a  building  are  given  by  Box  in  his  Treatise 
on  Heat  as  a  translation  from  the  experiments  by  P^clet4 
These  methods  have  in  some  instances  been  employed  by 
amateurs  in  this  art  in  computing  the  loss  of  heat  through  the 
walls.  It  seems  necessary  to  remark  here  that  the  coefficients 
obtained  by  P^clet  are  accurate  only  under  the  conditions  gov- 

*  This  quantity  varies  somewhat  with  barometric  pressure  and  temperatuie. 
f  If  C  =  cubic  contents  of  room,  n  the  number  of  times  air  is  changed,  /  the 

nC 

difference  of  temperature,  h  the  heat-units  for  ventilation,  A  =  —  =  o.02»cr, 

nearly. 

X  Trait6  de  la  Chaleur,  Paris. 
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cming  his  experiments,  and  there  is  little  or  no  proof  that  the 
io«s  of  heat  from  the  walls  of  a  building  was  ever  actually 
measured  by  him.  Recent  writers*  on  heat  have  found  that 
Piiclet  made  an  error  in  the  position  of  the  decimal  point  in 
reporting  the  coefficient  of  conductivity,  and  that  his  values  in 
consequence  were  ten  times  too  small  at  least  for  metals  of 
high  conductibilily,  althougii  prubably  correct  fur  other  cases. 
Not  only  are  the  coefficients  given  by  Pdclet  doubtful,  but  his 
method  or  rule  for  computing  the  heat  lost  through  the  walls 
is  erroneous.  For  computing  the  loss  of  heat  he  employs 
formulx  of  the  same  general  nature  as  those  given  on  page  83 
for  loss  of  heat  from  a  heated  body  in  stiU  air.  For  such  cases 
there  is  a  decrease  in  the  toss  of  heat  per  unit  of  area  with  in- 
crease in  height,  but  dlfterent  conditions  apply  to  the  the  side 
of  a  building  freely  exposed  to  air-currents.  Actually  there 
is  in  many  cases  an  increase  in  heat  transmission,  due  to  stronger 
air-currents  near  the  top  of  a  building.  The  application  of  the 
formula:  quoted  by  Boxf  shows  that  the  loss  of  heat  from  a 
building  with  one  side  exposed  is  greater  per  unit  of  area  than 
from  a  building  with  all  sides  exposed,  which  is  rarely  ever  true. 
The  principal  objection  to  the  methods  referred  to  lies  in  the 
fact  that,  while  the  loss  of  heat  through  the  walls  is  computed 
with  great  elaborateness  of  detail,  no  consideration  is  given  to 
the  heat  required  to  warm  the  air,  which  in  spite  of  all  precau- 
tions will  constantly  enter  and  leave  an  apartment  and  for 
which  considerable  heat  is  in  all  cases  required. 

Practically  there  is  little  or  no  difference  in  the  amount  of 
heat  required  to  warm  a  wooden  or  a  brick  building,  which  is 
due  to  the  fact  that  air-spaces  lined  with  heavy  building-paper 
make  the  heat  losses  in  the  one  practically  as  small  as  in  the 
other.  There  is,  however,  a  great  difference  in  the  amount  of 
heat  transmitted  through  the  walls  of  different  buildings,  due 
to  good  or  bad  construction  or  to  use  of  inferior  or  superior 
materials;  this  fact  renders  any  elaborate  formula  for  this  pur- 
pose abortive.  The  best  that  can  be  expected  of  any  rule  is 
agreemer.t  with  the  average  condition. 

•  Theory  n(  He»l,  Preslon,  London. 
t  A  Practical  TreaUse  on  Heal.  p.  3l8. 
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The  author  in  two  cases  measured  the  loss  of  heat,  with 
the  following  results  :*  In  the  first  case  a  room  on  the  second 
floor  with  exposed  side  and  end  had  246  sq.  ft.  of  wall  surface 
and  96  sq.  ft.  of  window  surface.  When  the  air  in  the  room 
was  28  degrees  above  that  outside  the  loss  was  4247  B.  T.  U. 
per  hour,  and  when  27  degrees  above,  was  4240  B.  T.  U.  per 
hour.  To  supply  loss  of  heat  by  the  rule  stated  would  re- 
quire respectively  4410  and  4253  B.  T.  U.  per  hour,  the 
error  varying  from  a  fraction  of  one  per  cent  to  nearly  five 
per  cent.  In  the  second  case  a  test  was  made  in  the  N.  Y. 
State  Veterinary  College ;  this  showed  that  to  maintain  the 
room  31  degrees  warmer  than  the  outside  air  16,000  B.  T.  U. 
were  required  per  minute,  of  which  39  per  cent  escaped  in 
the  ventilation-flues,  and  61  per  cent  passed  by  conduction 
through  the  walls  and  windows.  The  building  was  exposed  on 
all  sides,  was  3  stories  in  height,  had  9281  sq.  ft.  of  glass  and 
31,644  sq.  ft.  of  exposed  wall  surface.  By  the  rule  quoted 
the  building  loss  should  be  532,952  B.  T.  U.  per  hour.  The 
actual  loss  by  experiment  was  9120  B.  T.  U.  per  minute  or 
547,200  B.  T.  U.  per  hour,  which  is  within  two  per  cent  of  that 
called  for  by  the  rule.  In  this  case  the  building  was  of  brick, 
the  thickness  of  walls  varied  from  24  to  16  inches,  the  windows 
had  single  glass. 

The  above  experiments,  which  were  made  on  a  large  scale 
and  cii  actual  buildings,  indicate  the  substantial  accuracy  of  the 
rule  quoted. 

Data  regarding  the  number  of  changes  of  air  which  take 
place  per  hour  under  different  conditions  of  direct  heating  in 
buildings  are  still  very  deficient.  The  following  seems  to  be 
reliable : 

Number  of  Changes  of  Air  per  Hour. 

Residence  heating Halls,  3 ;  sitting-room,  etc.,  2  ;  sleeping-rooms,  X. 

Stores First  floor,  2  to  3  ;  second  floor,  i^  to  2. 

Offices First  floor,  2  to  2^;  second  floor,  1 4  to  2. 

Churches  and  public  assembly-rooms,     \  to  2. 
Large  rooms  with  small  exposure,  J  to  i. 


*  Transactions  of  American  Society  of  Healing  and  Ventilating  Engi- 
neers, vols.  III.  and  iv. 
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•Tlic  derivation  of  the  formula  tor  the  loss  o(  heat  from  the  walls  ol 
buildings  is  given  as  follows  by  P^clet : 

Let  M  represent  the  quantity  of  heat  that  will  traverse  in  a  unit  of 
time  ft  plate  with  parallel  faces,  having  an  area  of  one  superlicial  unit 
and  a  thickness  represented  by  c  Let  /  equal  the  temperature  of  the 
[lUte  (not  the  adjacent  air)  on  one  surface  and  t  the  temperature  on  the 
Other,     Let  C  equal  the  coefficient  of  oonductivity.     We  have 

M-^a^ <„ 

If  the  body  is  formed  o(  two  plates  in  contact  having  a  respective 
thickness  of  t  and  ^  and  coefEcients  of  conductivity  of  Cand  C,  and  a 
temperature  of  9  for  the  faces  in  contact,  we  shall  have 


\ 


from  which,  by  eliminating  9, 


-  a  ^(T 


0) 


\i  the  temperatures  of  the  surfaces  could  be  exactly  known,  it  would 
be  possible  to  calculate  the  amount  of  heat  transmitted  ;  but  while  it  is 
possible  to  measure  the  temperature  of  the  air  in  contact  with  the  plates, 
it  is  not  possible  to  measure  the  actual  temperatures  of  the  surfaces  of 
the  plates  themselves. 

Denote  the  temperature  of  the  air  inside  an  apartment  by  7"  and  that 
'  outside  by  T .  It  is  evident  that  heat  will  flow  from  the  warm  room  to 
c  cooler  air  outside,  and  that  the  inner  surface  of  the  wall  will  be  cooler 
Mil  the  air  of  the  room,  and  the  outer  surface  will  be  warmer  than  the 
Wtside  air.  It  will  be  possible  to  obtain  three  values  of  M  in  terms  of 
inefficient  of  conductivity  C,  that  of  radiation  K.  and  ili;it  of  convec- 
A**,  since  the  amount  of  heat  recei  ved  by  the  inner  surface  is  equal 
lo  that  conducted  through  the  wall  and  discharged  from  the  outer  sur- 
face. In  forming  these  equations  it  is  assumed  that  the  heat  transmitted 
IS  in  every  case  proportional  to  tile  difference  of  temperature,  which, 
although  not  quite  eiaci,  is  sutBciently  near  tor  practical  purposes,  espe- 
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cially  for  small  differences  of  temperature.    We  have  three  equations 
as  follows : 

by  combining  these  equations  and  substituting  g  =  ^  +  ^',  we  have 

.  _  r(C  -h  g^)  +  CT' 

' 2c  +  e^      • ^^^ 

^=     2C  +  C. (^> 

If  Qe  is  relatively  so  small  with  reference  to  2Cthat  it  may  be  neg- 
lected in  the  last  formula,  we  have 

M^\Q{T--T') (7) 

in  which  case  the  heat  transmitted  is  independent  both  of  the  thickness 
of  the  material  and  its  conductibility.  As  an  example  consider  several 
plates  of  glass  varying  in  thickness  and  with  a  conductivity  in  metric 
measures  as  given  in  various  tables  in  this  book  as  follows: 

C  =  0.75,        Q  :=z  K  •{•  K'  =^  2.91  +  2.20  =s  5.10,  from  which 

2C  '\-  Qesz  1.50  +  5.  lev.    Taking  e  equal  to  the  following  values,  we  have 

/meters      0.001  0.002  0.003  0.004  0.005 

/  inches        0.04  0.08  0.012  0.016  0.02 

2C  +  Qt        1.5005        1. 50102        1. 501503        1. 502013        1.502523 

The  above  calculation  indicates  that  within  practical  limits  2C  4-  Qe 
remains  constant,  and  that  the  heat  transmitted  through  glass  is  inde- 
pendent of  the  thickness  and  the  coefficient  of  conductivity. 

If,  on  the  other  hand,  the  coefficient  of  conductivity  Cis  very  small 
and  the  thickness  e  is  very  great,  we  can  neglect  aC  in  the  value  of  J/, 
giving  us  as  a  consequence 

^^C2(^^ (8, 

As  the  value  of  C  is  never  less  than  Q  for  any  except  the  poorest  con- 
ductors, such  as  hair  felt  and  filamentary  bodies,  it  is  necessary  to  have 
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■  the  thickness  i  very  great  in  order  to  have  the  conditions  as  above  prac-    ' 

I  tically  realized. 

If  there  are  two  wiills  built  in  close  contact  and  without  air-space 
b«tween  them,  with  a  temperature  of  x  at  the  junction  surface  and  a 
thickness  €,  /.  and  coeflicjents  of  conductibility  C,  C,  we  shall  find  as 
before  several  values  of  .If  as  follows  : 


O!- 


C(x 


-f) 


M  =  Q(T~  /),       M  =  Qif  -  T'). 


from  whichcan  be  obtained  ihe  foilowing  valueof  iJ/in  lernisof7"and  7"; 

■-.     QiT-r,  ,„, 


H  there  are  several  walls  i 
I  Ihem,  the  value  of  the  heat  trans 


-2(f-^-pf 


The  foregoing'computation.  as  staled  by  P^let.  applies  to  apartments 
In  which  exposed  walls  are  not  opposite  10  each  other,  it  being  assumed 
I  that  heat  is  radiated  to  an  exposed  wall  by  an  inner  unexposed  wall  of 
le  temperature  as  the  room.      For  the  condition  where  all  the 
[  walls  are  exposed  the  temperature  of  each  wall  will  be  less  than  thai  of 
room  and  there  will  be  no  reciprocal  radiation.      In  considering  this 
i  mathematically  we  shall  have  to  substitute  in  the  last  set  of  equa- 
ls A"  the  coefficient  of  convection  for  C  =  A'  +  A",  since,  in  accorri- 
e  with  this  hypothesis.  A' becomes  equal  to  o.     This  hypothesis  gives 
'   lower  values  than  in  the  preceding  case  as  will  be  shown  by  example. 

There  is  Utile  doubt  but  that  the  mathematical  conclusion  drawn  by 
Pficlel  follows  from  the  hypothesis  adopted,  viz.,  that  all  the  radiant  heat 
pMBsing  through  the  exposed  walls  must  be  reciprocally  radiated  from 
the  interior  walls.  In  most  modern  examples  of  heating,  houevcr. 
radiant  heat  is  probably  supplied  the  outside  walls  from  furniture  and 
heaters  situated  in  the  room  to  such  an  extent  as  to  make  the  actual 
amount  of  heat  iransmiited  practically  as  much  in  the  one  case  as  in 
the  other,  and  in  the  tables  already  given  the  condition  which  gives  the 
greatest  transfer  of  heat  only  has  been  considered. 

As  explaining  the  use  of  the  formulas  we  take  the  following  example 

from  Piclet.     Assume   a  wall   10  meters  (32.8  ft.)  in   height  formed   of 

tnry,  with  coelBcient  of  conductivity  C  —  1,7  (see  first  column 
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Table,  p.  78,  slightly  smaller  than  limestone).  Coefficient  of  radiation 
K  =  3.60  (see  Article  46,  p.  84)  and  coefficient  of  convection  /f'  =  1.96 
for  a  wall  10  meters  high  (see  last  formula  Article  45).  Assume  the 
interior  temperature  7'=  15*  C.  (60".  5*  F.)  and  the  exterior  temperature 
7"  =  6*  C.  (434*  F.)  as  corresponding  with  mean  conditions  in  Paris. 
From  this  Q  =  IC  +  K'  =  3.60  +  1.96  =  5.56.  Substituting  these 
various  values  in  equations  (4),  (5),  and  (6),  and  assuming  different  values 
of  the  thickness  (e)  as  follows,  we  have  for  a  single  exposed  wall : 

Thickness  («)  meters o.io  o.ao  0.30     0.40  0.50     0.60     0.70  0.80  0.90  x.oo 

**         (r)  inches 3.9  7.9  za.8  15.7  19.7  33.6  37.6  31.5  35.4  39*4 

Temperature  inside  face  of 

wall  (/)  deg.  C II. 15  II. 6  la  xa.3  za.56  ia.77  13.96  13.1  13. •  13.3 

Temperature  outside  face 

of  wall  (/')  deg.  C 10  9.7  9.4       9. a  9.0       8.8       8.7  8.6  8.5  8.4 

Calories  per  square  meter 

per  hour,  JIf as. 4  a«.3  19.8  17.9  i6.a  15.0  13.8  ia.8  la.o  xx.s 

B.T.U.  per  sq.  f t.  per  hr. .    9.3  8. a  7.4       6.6  5.9  5,5       5.1  4.7  4.4  4.x 

For  the  case  when  all  the  walls  are  exposed  we  have  : 

t  deg.  C.  (inside  face) ... .    8.9  9.3  9.7  xo  xo.3  xo.6  xo.8  xx.o  zx.s  tx.9 

/'deg.  C.  (outside  face)...    8. a  8.0  7.9  7.7  7.6  7.5  7.4  7.4  7.3  7.3 
Calories  per  square  meter 

per  hour,  JIf xa  xx.x  xo.4  9.7  9.x  8.6  8. a  7.8  7.4  7.0 

B.T.U.  per  sq.  ft.  per  hr..    4.4  4.1  3.8  3.6  3.3  3.1  3.0  a. 8  a. 7  s.6 

For  walls  with  air-spaces,  having  a  temperature  of  x  and  x*  at  the  re- 
spective sides  of  the  air-space,  we  shall  find  without  sensible  error  that 
the  heat  transmitted  through  the  space  is  by  radiation  and  convection, 
of  which  the  coefficients  are  II  •{-  IC  =  Q,  The  heat  transmitted 
through  each  space  can  be  represented  by  Q(z  —  jr').    The  value  of  the 

heat  transmitted  will  be  expressed  by  substituting  -p;  +  -x  in  equa- 
tion (9)  for  ^.  Preserving  the  same  notation,  we  shall  have  walls  with 
two  air-spaces: 

^=  — "77      1      /      I      e"\ ^'°' 

^  +  Q[c+Q+C  +  Q  +  (^) 

If  the  walls  are  n  in  number  and  each  of  the  same  material,  it  follows 
that 

M= — ^^^ /ii) 

If  the  construction  consisted  of  several  thin  walls  or  parts  without  an 
air-space  of  the  same  total  thickness  of  the  wall  with  air-spaces  ias  above, 
we  should  have  n  —  i  parts  filling  the  air-spaces  and  n  parts  constituting 
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the  remaining  part  of  the  wall.    By  substituting  in  equation  (lo)  the  heat 
transmission  will  be  for  this  case: 

2  +  «^  +  ^ gr^^        2  +  5|,(2«  -  I) 

By  finding  the  ratio  in  the  above  equations  P6c]et  proves  that  a  wall 
with  air-spaces  0.02  m.  (.8  inch)  thick,  as  compared  with  the  same  wall 
with  the  spaces  filled  with  baked  clay,  transmits  the  following  proportion 
of  heat : 

Number  of  walls  or  parts  of  walls 2         3         4         5        10 

Proportion  of  heat  transmitted  in  wall  with 

air-space 0.75    0.64    0.57    0.53    0.43 

He  shows  that  the  thickness  of  the  air-space  should  always  be  such 

that 

C 
e  is  less  than . 

e 

The  heat  transmitted  through  the  solid  walls  is  by  conduction,  that 
through  the  air-space  principally  by  radiation  and  convection,  which  latter 
quantity  may  under  the  same  conditions  with  thick  spaces  be  so  large 
as  to  overbalance  the  gain  due  to  the  air-space.  This  demonstration 
shows  what  has  been  found  to  be  practically  correct :  that  the  less  the 
radiation  from  the  surfaces  of  the  walls  the  more  efficient  will  the  air- 
spaces prove  to  be. 

Transmission  of  Heat  through  Glass. — As  already  explained  in  con- 
nection with  equation  (7),  the  heat  transmitted  through  glass  when  one 
side  only  is  exposed  to  the  air  can  practically  be  represented  by  the 

equation 

M^\Q(T-  T). 

It  also  follows  that  if  x  be  the  mean  temperature  of  the  glass, 

M^{T^x)Q,       M=(x-r)Q,    whence   .r  =  l(r+r).   .   (13) 

When  the  entire  enclosure  is  surrounded  with  glass  P6clet  states  that 
the  heat  transmission  will  be  somewhat  less,  because  of  the  reduction  in 
the  temperature  of  the  glass  due  to  the  lack  of  reciprocal  radiation,  and 
that  the  following  equations  apply : 

M  =  (T^x)K\        M=Q(x-  r), 
from  which  we  obtain 

x^-^^j^    and    M^       Q^JC      '    •    •    •     04) 

P6clet  calculates  the  heat  transmitted  by  the  above  formulas  with 
the  following  results : 
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Height  of  windows,  meters.   i  2  3  4  5 

feet 3.28  6.56  9.84  13.1  16.4 

Value  of  A"  (coefficient  of  convection), )  ^  ,  ^  ^.  « 

one  exposure [  ^-4  "I  2.13  2.08  2.05 

Heat  transmission  per  hour  per  de-J^,^  ^,  , 

jjree  C.  per  square  meter,  calories . .  C  ^'^5      2.56      2.52      2496    2.479 

^*B  T  ?J  "^  "^^^^  ^*  ^"^  ^"^^^^^  ^"^^^  1  °'^      °-^^    °-^^      °-^^      "^'9' 

/iV^m  surrounded  with  glass. 

Heat  transmitted  per  hour  per  degree  )  ,  ^^      , 
C.  per  square  meter,  calories f       ^         ^        ^^        ^'^  ^^ 

^B  T^*^  ^"^^  ^'  ^'^  '*^'''''''  ^"^^^  f  ""'^    ""-^^    ""-^^      ""-^^^    ""^^^ 

It  is  quite  probable  that  the  hypothesis  from  which  the  equations  are 
derived  when  the  room  is  entirely  surrounded  with  glass  is  erroneous. 

By  neglecting  the  thickness  /  in  the  general  formula  it  can  be  shown 
that  the  heat  transmitted  by  multiple  glass  will  bear  the  following  pro- 
portion to  that  transmitted  by  a  single  thickness: 

Number  of  glass 1234  n 

Proportion  of  heat  transmitted i        —        —        —        

^  3         2         5         1 +« 

The  following  tables  of  the  coefficients  for  the  thermal  conductivity  of 
poor  conductors  are  taken  from  P6clet's  work  and  are  included  here 
for  reference.  The  results  will  be  found  essentially  the  same  as  given  by 
various  authorities  in  the  table  in  the  appendix. 

CONDUCTION   OF   HEAT   FOR    ONE  DEGREE  DIFFERENCE    OF 

TEMPERATURE   PER   HOUR. 


Material. 


Gray  marble,  fine-grained 

White  marble,  coarse-grained 

Limestone,  fine-grained  (mean  of  three  samples). 
Limestone,  coarse-grained  (mean  of  two  samples) 

Plaster  of   Paris 

Brick 

Powdered  brick,  coarse-grained 

Fir  at  right  angles  to  the  fibres 

Fir  parallel  with  fibres 

Walnut  at  right  angles  to  the  fibres 

Walnut  parallel  with  fibres 

Cork   

Glass 

Sand 

Wood  ashes 

Powdered  charcoal 

Powdered  coke. 

Cotton ,  raw  or  woven 

Paper 


Per  Defpree 

Per  Decree 

Cent. 

Fahr. 

Per  Square 

Per 

Meter 

Sq  Ft., 

I  Meter 

I  Inch 

Thick. 

Thick. 

Calories. 

B.  T.  U. 

3.48 

28 

2.78 

22.5 

1.82 

14.8 

1.3 

10.5 

0.44 

3.6 

.69 

5-6 

•139 

I.I 

.093 

0.75 

.17 

1.4 

.103 

0.83 

.174 

1.4 

.143 

1. 15 

.75 

6 

.27 

2.2 

.06 

0.5 

.079 

0.65 

.160 

1-3 

.040 

0.32 

.034 

0.27 
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The   following  table  for  coefficient   of   convection  K,  as  calculated 
from  the  last  formula.  Article  45,  is  taken  from  P6clet's  work : 

TABLE   GIVING    VALUES    OF    K'   FOR    VARIOUS    HEIGHTS   IN 
METERS   FOR  A   PLANE   VERTICAL  SURFACE. 


Heighu, 

K', 

Heiffbts. 

K\ 

Meters. 

Meters. 

O.IO 

3.848 

2 

2.21 

0.20 

3.186 

3 

2.13 

0.30 

2.926 

4 

2.08 

0.40 

2.770 

5 

2.05 

0.50 

2.66 

10 

1.96 

0.60 

2.585 

15 

1.92 

1. 00 

2.400 

20 

1.90 

The  table  shows  a  decrease  in  the  coefficient  of  convection  with  in- 
crease in  height  in  a  vertical  wall  as  explained  in  Article  45.  This  de- 
crease is  calculated  from  the  hypothesis  that  the  air  which  is  heated  rises 
while  remaining  in  contact  with  the  body,  and  for  this  reason  has  its 
capacity  diminished  for  absorbing  heat.  This  hypothesis  is  doubtless 
true  in  the  case  of  absorption  of  heat  by  air-currents  from  radiators 
or  heated  bodies,  but  is  probably  considerably  in  error  for  walls  of  build- 
ings, and  may  be  entirely  neutralized  by  the  fact  that  the  air  against  the 
interior  wall  is  likely  to  be  much  warmer  near  the  top,  thus  making  an 
increasing  temperature  difference. 


CHAPTER  IV. 
HEAT  GIVEN  OFF   FROM   RADIATING  SURFACES. 

43.  The  Heat  Supplied  by  Radiating  Surfaces.— The 
heat  used  in  warming  is  obtained  either  by  directly  placing  a 
heated  surface  in  the  apartment,  in  which  case  the  heat  is  said 
to  be  obtained  by  direct  radiation^  i:Sx  else  by  heating  the  air 
which  is  to  be  used  for  ventilating  purposes  while  on  passage 
to  the  room,  in  which  case  the  heating  is  said  to  be  by  indi- 
rect radiation.  As  air  is  not  heated  appreciably  by  radiant 
heat,  this  latter  term  is  very  clearly  one  which  is  used  in  a 
wrong  sense.  In  this  treatise  we  shall  use  the  terms  direct 
heating  or  radiation  and  indirect  heating. 

Direct  heating  is  performed  by  locating  the  heated  surface 
directly  in  the  apartment :  this  surface  may  be  heated  by  fire 
directly,  as  is  the  case  with  stoves  and  fireplaces ;  or  it  may 
receive  its  heat  from  steam  or  from  hot  water  warmed  in  some 
other  portion  of  the  premises  and  conveyed  in  pipes.  The 
general  principles  of  warming  are  the  same  in  all  cases,  but  for 
the  case  of  stoves  the  temperature  is  greatly  in  excess  of  that 
for  steam  or  hot-water  heating  surfaces.  The  heat  is  carried 
away  from  the  heated  surface  partly  by  radiation,  in  which  case 
the  heat  passes  directly  in  straight  lines  and  is  absorbed  by 
people,  furniture,  and  objects  in  the  room,  without  warming  up 
the  intervening  air  directly,  and  also  by  particles  of  air  coming 
in  contact  with  the  heated  surface,  which  may  be  the  radiating 
surface,  or  the  people  and  objects  in  the  room  which  have  been 
warmed  by  radiant  heat. 

The  sensation  caused  by  radiant  and  convected  heat  is  quite 
different :  the  radiant  heat  has  the  effect  of  intensely  heating  a 
person  on  the  side  towards  the  source  of  heat,  and  of  producing 
no  warming  effect  whatever  on  the  opposite  side.  The  heat 
which  has  passed  off  by  convection  is  first  utilized  ih  warming 
the  air,  and  the  sensation  produced  on  any  person  is  that  of 
lower  temperature-heat  equably  distributed.     Radiant  and  con- 
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vected  heat  <i 


■ntiaily  of  the  s 


I 


nature:  in  the  one  case 
it  is  received  by  tlie  person  directly  from  the  source  of  heat, 
and  at  a  high  temperature ;  in  the  other  case  it  is  received  from 
the  air,  which  is  at  a  comparatively  low  temperature. 

The  heat  in  passing  through  any  metallic  surface  raises 
its  temperature  an  amount  which  depends  upon  tlie  facility 
with  which  heat  is  conducted  by  the  body  and  discharj^ed 
from  the  outer  surface.  The  phenomena  of  the  flow  o(  heat 
through  any  metallic  substance  can  be  i  ^   1     A 

illustrated   by  the  sketch   in    Fig.  23.  ^r^ 
if  E  represents  the  source  of  heat,  and 
ABCD  a  section  of  a  metallic  wall  sur-  c^ 
rounding,  the  flow  of  heat  takes  place  Fio-  as- 

into  the  metallic  surface,  then  through  the  solid  metal,  and 
finally  through  the  outer  surface. 

It  is  noted  that  the  heat  meets  with  tlirec  distinct  classes  of 
resistances:  first,  that  due  to  the  inner  surface;  second,  that 
due  to  the  thickness  of  the  material ;  and  third,  that  due  to  the 
outer  surface.  The  first  and  third  resistances  are  due  to  change 
of  media,  and  when  the  material  under  consideration  is  a  good 
conductor,  constitute  the  principal  portion  of  the  resistance  to 
the  passage  of  heat. 

If  the  resistance  on  the  inner  surface  AB  is  small  and  that 
on  the  outer  surface  CD  is  great,  the  temperature  of  the  metal- 
lic body  will  approach  that  of  the  source  of  heat,  for  the  reason 
that  the  heat  will  be  delivered  to  the  surface  CD  faster  than  it 
is  discharged.  In  tiiis  case  the  thickness  of  the  material  is  of 
little  or  no  importance,  and  the  rate  at  which  heat  will  pass 
will  depend  entirely  upon  the  rapidity  with  which  it  can  be 
discharged  from  the  outer  surface. 

44.  Heat  Emitted  by  Radiation.— Heat  emitted  by  radia- 
tion, per  unit  of  surface  and  per  unit  of  time,  is  independent  of 
tlic  form  and  extent  of  the  heated  body,  provided  there  are  no 
re-entrant  surfaces  wliich  intercept  the  rays  of  radiant  heat. 
The  amount  of  heat  projected  from  a  surface  of  such  form  as 
to  radiate  liirat  equally  iu  all  directions,  depends  only  on  the 
nature  of  its  surface,  the  excess  of  its  temperature  over  that 
ot  the  surrounding  air,  and  the  absolute  value  of  its  tem- 
perature. 
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Radiation  of  heat  was  stated  by  Sir  Isaac  Newton  to  be  in 
exact  proportion  to  the  difference  of  temperature  of  the  heated 
surface  and  the  surrounding  media,  but  this  law  was  found  to 
be  inaccurate  by  Dulong  and  Petit.  They  found  that  the 
radiation  increased  at  a  greater  rate  than  the  difference  in  tem- 
perature, and  for  high  temperature,  was  much  in  excess  of  that 
given  by  the  law  of  Newton.  From  a  large  number  of  experi- 
ments on  the  cooling  of  bodies  they  were  able  to  determine  the 
following  law :  "  The  rate  of  cooling  due  to  radiation  is  the 
same  for  all  bodies,  but  its  absolute  value  varies  with  the 
nature  of  the  surface."     It  is  represented  by  the  formula 

V^mafi{a^  -  l), 

in  which  m  represents  a  number  depending  on  the  nature  of 
the  surface  of  the  body,  a  represents  a  constant  number,  which 
for  the  centigrade  thermometer  is  equal  to  1. 0077  and  for  the 
Fahrenheit  above  32°  to  1.00196,  6  the  temperature  of  the  sur- 
rounding air,  and  /  the  excess  of  temperature  of  the  body  over 
that  of  the  surrounding  space. 

P^clet  found  that  if  the  radiant  heat  be  received  by  a  duH 
surface  the  value  of  m  becomes  equal  to  a  constant  124.72  mul- 
tiplied by  K^  a  coefficient  which  depends  on  the  nature  of  the 
surface.  A  table  giving  the  rapidity  of  cooling  for  different 
values  of  difference  of  temperature  in  both  Fahrenheit  and 
metric  uni*s  is  given  on  page  84,  and  the  value  of  the  coeffi- 
cient K  iox  different  surfaces,  which  is  to  be  multiplied  by  the 
numbers  which  express  the  relative  rates  of  cooling,  is  given  in 
a  subsequent  table. 

The  results  of  the  experiments  by  P^clet  accord  very  well 
with  recent  experiments  made  in  testing  radiators  for  steam 
and  hot-water  heating.  For  these  cases  either  wrought  or 
cast  iron  is  used,  and  the  difference  in  radiating  power  is  im- 
material. The  construction  of  the  ordinary  form  of  radiator 
is  such  as  to  present  very  little  free  radiating  surface,  as  all  the 
heat  which  impinges  from  one  tube  on  another  is  reradiated 
back,  and  consequently  not  of  use  in  heating  the  apartment. 
The  greater  portion  of  the  heat  removed  is  no  doubt  absorbed 
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by  the  air  which  comes  in  contact  with  the  radiator,  or,  in  other 
words,  it  is  removed  by  convection. 

45.  Heat  Removed  by  Convection  (Indirect  Heating).— 
The  heat  removed  by  convection  is  independent  of  the  nature  of 
the  surface  of  the  body  and  of  the  surrounding  absolute  tem- 
perature. It  depends  on  the  velocity  of  the  moving  air,  and  is 
thought  to  vary  with  the  square  root  of  the  velocity.  It  also 
depends  on  the  form  and  dimensions  of  the  body  and  of  the  ex- 
cels of  temperature  over  that  of  the  surrounding  air.  We  are 
itidcbtcd  to  Ptelet  for  exact  experiments  giving  us  the  value  of 
tlic  loss  from  this  cause.  Peclet's  experiments  were,  however, 
made  in  ordinary  still  air,  and  if  the  velocity  is  increased  should 
be  multiplied  by  factors  which  will  be  given  later.  The  formulae 
which  Peclet  found  as  applying  to  bodies  of  different  form  were 
as  follows,  the  results  below  being  given  in  heat-units  per  square 
foot  per  hour. 

The  general  formula  for  loss   by  convection  is,  in  metric 

■units* 


A  =  o,552A'7i  = 


The  values  of  K'  depend  upon  the  form  and  surface  of  the 
»dy  and  arc  as  follows : 


■cular  base,  radius  r,  height  A, 


For  a  sphere,  radius  r. 

K'=  1.778 +0. 1 3A. 
For  a  vertical  cylinder,  c 

AT'  =  (0.726  -!-  0.0345  /  y'r){2.4i  +  0.8758  t'A). 
For  horizontal  cylinder,  radius  r, 

/C  =  2.058  -}•  0.0382/r. 
For  vertical  planes,  height  A, 

A"=  r.764  + 0.636 /VA. 


Numerical  values  of  these 
tables,  Art.  46. 


quantities  i 


.^■1 
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46.  Total  Heat  Emitted.— The  amount  of  heat  given  off 
by  radiation  and  convection  for  various  differences  of  tempera- 
HEAT-UNITS  PER  HOUR. 
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FACTOR  TO  DETERMINE  RADIATION  LOSS  FROM  VARIOUS 

SURFACES. 

Value  of  Coefficient  JtT. 


Polished  lilver. . . 
Silvered  paper.  •  • 
Poliahed  brass... 

Gilded  paper 

Red  copper 

Zinc 

Tin 

Polished  sheei  ito 

Sheet  lead 

Ordinary  sheet  iro 
Rusty  sbeet  iron. 
Cast  iron,  new... 
ftusly  cast  iron... 

Pondered  chalk.. 


Powdered  wood 3. S3 

"         charcoal 3.42 

Fine  sand 3-6* 

Oil  painting. 3.71 

Paper 3-7' 

Soot 401 

Building  stone 3.60 

Plaster 3 .60 

Wood 3-60 

Calico 365 

Woollens 3-6S 

Sillt 3.71 

Water 5.31 

Oil 7-»4 


Note. — To  find  the  total  heat  emitted  by  radiation,  multiply  the  value  of  X 
I  given  in  the  above  table  by  the  numbers  corresponding  to  radiation  due  to 
ifference  of  temperature  al  in  the  preceding  table. 
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ture  and  from  any  surface  when  A'  or  K'  is  unity  is  given  in  the 
first  labie  on  p.  84,  as  computed  from  Peclet's  experiments. 
The  total  heat  emitted  by  any  surface  will   be  obtained   by 
multiplying  the  results  given  in  the  first  table  by  the  factor 
of  radiation  and  convection  for  the  required  conditions.     This 
table  is  exact  for  the  surrounding  air  at  15"  Centigrade  or  59" 
Fahrenheit. 

FACTOR  TO  DETERMINE  CONVECTION   LOSS  FROM  BODIES  OF 
VARIOUS  DIMENSIONS. 
Valui  of  Coefficient  A". 
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Thus  in  Fig.  26,  supposing  pipes  equally  hot,  occupying 
the  relative  positions  of  C  and  B,  the  efiective  radiating  sur- 


face of  CwiU  be  diminished  by  that  portion  o(-the  circumfer- 
ence intercepted  by  the  lines  CD  and  CE,    The  angle  DCB 

HEAT-UNITS   EMITTED    PER  HOUR    PER    SQUARE    FOOT   FROM 
VARIOUS  SURFACES,  DIRECT  RADIATION.  STILL  AIR. 
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has  lor  Us  sine  VS/BC.  DB  is  tlie  external  radius  o[  tlie^ 
pipes,  BC  the  distance  between  the  centres,  which  is  usually! 
not  far  from  two  diameters.     In  Figs.  26,  27,  and  28  the  shaded  ' 


areas  show  the  position  of  surface,  by  which  the  radiant  heat 
coming  from  a  single  pipe  or  a  single  section  is  intercepted 
and  reradiated  to  its  source. 

Supposing  the  distance  apart  to  be  as  given  above,  the  fol- 
lowing table  gives  the  percentage  of  reduction  in  amount  of 
at  transmitted  due  to  this  cause,  compared  with  single  pipe  ; 


Tube*. 

aiion  laliM  pU«. 

Per  cent. 

Per   cpn.. 

16 

4».7 

31.3 

66 

33 

73 

36.5 

79 

SO.  5 

47.  Heat  Transmission  Varies  with  Circulation. —  Prof. 
A.  W.  Richtcr  made  a  scries  of  experiments  under  the  gen- 
eral supervision  of  the  author  for  determining  the  rate  of 
transmission  of  heat  through  plates  of  different  thickness  and 
of  different  materials  from  steam  to  water.  From  these 
experiments  it  was  shown  that  the  total  heat  transmitted 
from  steam  to  water  was  a  quantity  which  varied  with  the 
velocity  of  the  watiir  in  contact  with  the  plate,  the  thickness 


I 
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of  the  plate,  and  with  the  difference  of  temperature  of  the 
steam  and  water,  so  that,  other  conditions  being  neglected,  the 
heat  transmitted  per  degree  difference  remained  uniform. 
Thus  if  we  denote  by  y  the  heat  transmitted  per  square  foot 
per  degree  difference  of  temperature,  by  x  the  number  of 
pounds  of  water  flowing  in  contact  with  the  plate  per  square 
foot  per  hour,  by  r  the  thickness  of  the  plate  in  inches,  by 
A^  B^  and  D  constants  dependent  on  the  material,  then  will 

y  =  7tb{i  +  V = ^(r + B)^"" + ^)- 

The  values  of  the  constants  as  determined  by  experiment 
are  as  follows : 


Material. 


Mild  steel,  very  smooth  surface 

*'         "      rough  surface 

Brass,  machine-finished 

Cast  iron,  clean  surface  not  machined 


A 

B 

l> 

6900 

0.675 

285 

9000 

0.675 

285 

7000 

0.623 

313 

8500 

0.91 

285 

D/A 


0.0413 
0.0317 
0.0447 
0.0335 


The  total  heat  transmitted  per  square  foot  per  hour  is  to 
be  found  by  multiplying  the  values  as  obtained  from  the 
formula  by  the  difference  in  temperature  of  the  water  and 
steam.     (See  table  on  opposite  page.) 

Experiments  made  by  Adams  and  Gerry*  show  substan- 
tially the  same  results  for  the  transmission  of  heat  through  iron 
or  steel  plates  from  steam  to  water.  When,  however,  the  hot 
medium  was  one  that  parted  with  its  heat  slowly,  as  oil  or  air, 
the  rate  of  transmission  was  found  to  vary  much  more  rapidly 
than  the  difference  in  temperature  between  the  two  media, 
and  to  be  practically  independent  of  the  rate  of  circulation  of 
the  cooler  medium;  this  is  doubtless  explained  by  the  fact 
that  the  rate  of  transmission  was  limited  to  the  rate  of  delivery 
of  heat  from  the  heated  body.     This  in  the  case  of  air  or  oil 


*  See  Transactions  of  American  Society  of  Heating  and  Ventilating 
Engineers,  vol.  I. 
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TRANSMISSION  OF  HEAT.  STEAM  TO  WATER.  IN  B.  T.  U.  PER 
SQUARE  FOOT  PER  DEGREE  DIFFERENCE  OF  TEMPERA- 
TURE   PER   HOUR, 
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294 
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is  so  small  as  to  render  insignificant  the  extra  resistance 
caused  by  different  kinds  of  metals,  such  as  cast  iron  or 
wrought  iron  of  different  thicknesses. 

48.  Methods  of  Testing  Radiators. — So  far  as  the  writer 
knows,  no  standard  method  has  been  adopted  for  use  in  the 
tcsling  of  radiators,  and  while  numerous  tests  have  been  made 
by  different  engineers  and  experimenters,  they  are  often  not 
concordant  either  as  to  the  method  of  testing  or  as  to  the  re- 
sults obtained.  The  results  in  the  testing  of  radiators  are 
greatly  affected  by  small  variations  in  temperature,  by  irregu- 
lar air-currents,  and  by  the  amount  of  moisture  contained 
originally  in  tlie  steam.  Obscure  conditions  of  little  apparent 
importance  and  often  disregarded  greatly  influence  the  results. 
The  heat  emitted  by  the  radiator  is  in  all  cases  to  be  computed 
by  taking  the  difference  between  that  received  and  that  dis- 
charged. This  result  is  accurate,  and  easily  obtained.  This 
heat  is  utilized  in  warming  the  air  and  objects  in  the  room, 
^^  and  to  supply  losses  from  various  causes,  which  take  place 
^^kconstantly :    it   is  diffused   so  rapidly,    and  used  in  so  many 
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ways,  that  it  is  practically  impossible  to  measure  it,  although 
it  is,  o(  course,  equal  to  that  which  passes  through  the  radiator. 
The  radiating  surface  is  almost  invariably  heated  either  by 
steam  or  by  hot  water.  In  the  case  of  a  steam  radiator  the 
heat  received  may  be  determined,  by  ascertaining  the  number  of 
pounds  of  dry  steam  condensed  in  a  given  time,  multiplying 
this  by  the  heat  contained  in  one  pound  of  steam,  and  deduct- 
ing from  this  product  the  weight  of  condensed  water,  multi- 
plied by  its  temperature.  To  make  a  test  of  this  kind  with 
accuracy  requires,  first,  a  knowledge  of  the  amount  of  moisture 
contained  in  the  original  steam ;  second,  the  pressure  of  the 
steam  or  its  temperature ;  third,  an  arrangement  for  permitting 


Fio.  39.— Radiators  Arranged  for  Tsstino. 

water  of  condensation  to  escape  from  the  radiator  without  the 
loss  of  steam,  and  means  of  accurately  weighing  this  water, 
and  also  of  determining  its  temperatura.  The  radiator  can  be 
located  in  any  desired  position  in  the  room,  on  the  floor, 
or  slightly  elevated  therefrom.  The  temperature  of  the  room 
during  the  test  should  be  maintained  as  nearly  constant  as 
possible,  and  no  test  should  be  less  than  from  3  to  S  hours  in 
length.  The  method  adopted  by  Mr.  George  H.  Barrus  in 
making  a  radiator  test  is  shown  in  Fig.  29,  The  one  adopted 
by  the  author,  in  many  respects  similar,  is  shown  in  Fig.  3a 

In  some  recent  tests  of  steam  radiators  made  at  Sibley 

Collefie  *  the  author  adopted  the  following  plan  of  operation 

*  Sec  Transactrons  vol.  i.,  Ameiican  Socieiy  Healing  and  Ventilating  En- 
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for  measurement  of   the  heat   discharged   and   for  operating 
the  radiators: 

First,  the  steam  supplied  to  the  radiator  to  be  passed 
through  a  separator  and  a  reducing-valve  to  remove  entrained 
water  and  maintains  a  constant  pressure  during  any  given 
run.  Second,  the  amount  of  moisture  in  the  steam  to  be 
measured  by  a  calorimeter,  and  corrections  made  to  the  result 
for  the  entrained  water.  Third,  the  pressure  and  temperature 
of  the  steam  in  the  radiator  to  be  measured  by  accurate  gauges 
and  thermometers.  Fourth,  the  amount  of  heat  passing 
through  the  radiator  to  be  obtained  by  weighing  the  condensed 


Ftc.  30. 


and 


nputing   by   this 


steam,   measuring   its   temperature, 
means  the  heat  dii^charged. 

Fifth,  the  air  from  the  radiator  to  be  effectually  removed. 
Large  errors  arc  caused  by  leaving  varying  amounts  of  air  in 
the  radiator.  The  ordinary  air-valve  is  often  very  unsatisfac- 
torj'  for  this  purpose;  if  used,  it  must  be  closely  watched,  or 
the  results  may  be  seriously  affected. 

The  heat  supplied  was  computed  by  knowing  the  weight. 

the  percentage  of  moisture,  and    the  heat  contained  in  one 

pound  of  steam.     Various  methods  were  tried  for  drawing  off 

the  condensed  water :  in  some  tests  a  trap  was  used,  but  better 

_   results  were  obtained  by  employing  a  water-column  with  gange- 

^tariass  and  drawing  off  the  water  of  condensation  by  hand,  at 
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such  a  rate  as  to  maintain  a  constant  level  in  the  glass.  To 
prevent  loss  by  evaporation,  this  water  needs  to  be  received 
either  into  a  vessel  containing  some  cold  water,  or  else  into  one 
with  a  tight  cover,  the  latter  being  generally  preferred, 

Methods  of  Testing  Indirect  Steam  Radiators. — For  this 
case  the  general  methods  of  testing  should  be  the  same  as 
those  previously  described,  and  in  addition  the  volume  of  air 
which  passes  over  the  radiator  should  be  measured;  also,  its 
temperature  before  and  after  passing  the  radiator.  For  meas- 
uring the  velocity  of  air  the  most  accurate  instrument  at 
present  known  is  the  anennometer,  which  has  been  described 
and  illustrated  in  Article  30,  page  40.  In  measuring  the  veloc- 
ity the  anemometer  should  be  moved  successively  to  all  parts 
in  the  section  of  the  flue,  and  the  average  of  these  results 
should  be  used.  The  velocity  in  feet  per  minute  multiplied  by 
the  area  of  section  in  square 
feet  should  give  the  number 
of  cubic  feet.  The  number 
of  cubic  feet  of  air  heated 
can  iilso  be  computed,  as  ex- 
plained in  Article  30,  page  40, 
Ky  dividing  the  heat  emitted 
by  ihe  radiator  by  the  prod- 
uct of  specific  heat  of 
and  increase  in  temperati 
The  heat  which  is 
sorbcd  by  the  air  can  be  com^ 
putcd  by  multiplying  that 
required  to  raise  one  cubic 
fiKit  one  degree,  as  given  in 
Tabic  -X,  by  the  total  num- 
ber of  cubic  feet  warmed  mul- 
tiplied by  the  increase  in  tern- 
arrangement  adopted  by  the  author 
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perature.    Fig.  31  show 

in  testing  indirect  radiators,  the  air-supply  being  measured  by 

an  anemometer  not  shown. 

Testing  Hot-water  Radiators. — The  amount  of  heat  trans- 
mitted through  the  surfaces  of  a  hot-water  radiator  can  be 
determined  in  either  of  two  ways  :  first,  by  maintaining  circula- 
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Bon  at  about  the  usual  rate,  measuring  the  temperature  o!  tiie 
Hlrater  before  entering  and  after  leaving  the  radiator;  also, 
TDeasuring  or  weighing  the  water  transmitted.  Tlie  heat  trans- 
mitted would  he  equal  in  every  case  to  the  product  of  the  weight 
of  water,  multiplied  by  the  loss  of  temperature.  In  making 
these  tests  the  ^me  precautions  as  to  removing  the  air  from 
the  radiator  must  be  adopted  as  in  testing  steam  radiators. 

These  radiators  can  also  be  tested  by  filling  with  water  at 
any  desired  temperature  and  noting  the  time  required  for  the 
water  to  cool  one  or  more  degrees.  In  this  case  the  iron 
which  composes  the  radiator  would  cool  the  same  amount,  and 
a  correction  must  be  added.  The  easier  way  to  correct  for  the 
metal  composing  a  radiator  is  to  consider  the  weight  as  that  of 
the  water  increased  by  that  of  the  iron  multiplied  by  its  specific 
heat.  The  specific  heat  of  wrought  iron  is,  practically,  i  di- 
vided by  9;  that  of  cast  iron.  1  divided  by  8;  hence  for  a  cast- 
iron  radiator  the  elTect  would  be  the  same  as  though  we  had 
an  additional  amount  of  water  equal  to  \  of  the  weight  of  the 
radiator. 

In  the  practical  operation  of  this  test  the  water  in  the 
radiator  must  be  kept  thoroughly  agitated  by  some  sort  of 
stirring  device. 

49.  Measurement  of  Radiating  Surface.— The  amount 
of  radiating  surface  is  usually  expressed  in  square  feet,  and  the 
total  surface  is  that  which  is  exposed  to  the  air.  and  includes 
all  irregularities,  metallic  ornaments,  etc..  of  the  surface. 

Where  the  surface  is  smooth  and  rectangular  or  cylindrical 
it  is  easily  measured,  but  where  it  is  covered  with  irregular 
projections  the  measurement  is  a  matter  of  some  difficulty  and 
uncertainty.  The  only  practical  method  of  measuring  irregu- 
lar surface  seems  to  be  that  of  dividing  it  up  into  small  areas 
and  measuring  each  one  of  these  areas  separately  by  using  a 
thick  sheet  of  paper  or  a  bit  of  cord,  and  carefully  pressing  it 
into  every  portion  of  the  surface.  The  sum  of  all  the  small 
areas  is  equivalent  to  the  total  area. 

This  method  is  at  best  only  approximate,  and  even  when 
exercising  the  utmost  care  different  observers  are  likely  to  differ 
three  or  four  per  cent  in  their  results.  The  writer  has  tried 
several  other  methods  of  measuring  surface,  but  so  far  without 
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marked  success.  One  method,  which  promised  good  results,  was 
to  cover  the  whole  surface  with  a  thin  paint  and  compare  the 
weights  with  that  required  for  covering  one  square  foot  of  plain 
surface.  This  method  proved  even  more  approximate  than  the 
other,  and  had  to  be  abandoned,  as  the  paint  was  not  of  equal 
depths  on  all  portions  of  the  surface. 

The  total  contents  of  the  radiator  in  cubic  feet  can  be  easily 
determined  by  filling  it  with  a  weighed  amount  of  water  of  a 
known  temperature  and  dividing  the  result  by  the  weight  of  one 
cubic  foot.  The  volume  displaced  by  the  whole  radiator  can 
be  determined  by  immersing  it  in  a  tank  whose  cubic  contents 
can  readily  be  measured.  The  difference  between  the  cubic 
contents  when  the  radiator  is  in  the  tank  and  when  taken  out 
is  the  volume  of  the  radiator.  For  this  test  the  openings  in 
the  radiator  must  be  tightly  stopped. 

The  same  method  applied  with  the  radiator  immersed  in 
both  cases ;  but  in  one  case  with  the  radiator  filled  with  air  and 
the  other  with  water  would  give  as  a  result  the  water  displaced 
by  the  metal  actually  used  in  the  construction,  or,  in  other 
words,  the  cubic  volume  of  the  metal.  This  could  no  doubt 
be  more  accurately  obtained  by  dividing  the  weight  of  the 
metal  by  the  weight  of  one  cubic  inch  or  cubic  foot.  These 
methods  give  accurate  means  of  measuring  the  total  external 
and  internal  volume  of  the  radiator,  but  not  the  surface. 

50.  Effect  of  Painting  Radiating  Surfaces. — In  the  ex- 
periments of  P^clet  which  have  been  given  in  Article  46  the  effect 
of  different  surfaces  has  been  fully  considered.  From  these 
experiments  it  would  appear  in  a  general  way  that  the  char- 
acter of  the  surface  affects  the  heat  given  off  by  radiation 
only,  and  not  that  given  off  by  convection.  In  ordinary  cases 
of  direct  radiation,  because  the  surfaces  are  closely  massed  to- 
gether, the  radiant  heat  does  not  probably  exceed  on  an  aver- 
age 40;^  of  the  total  emitted,  and  is  nothing  in  indirect  heating. 
From  the  experiments  quoted,  on  page  84,  it  would  appear  that 
if  we  consider  the  radiant  heat  given  off  as  100  from  a  new  sur- 
face of  cast  iron,  that  from  wrought  iron  would  be  87,  from  a 
surface  coated  with  soot  or  lampblack  125,  from  a  surface  with 
a  histre  like  new  sheet  lead  20^,  from  a  polished  silver  surface 
I3i.     These  results  make  very  much  less  difference,  when  ap- 
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I  lied  to  total  heat  emitted,  since  the  total  radiant  heat  is  only  a 
-iiiall  portion  of  the  whole  heat  given  off.  Calling  the  radiant 
iL-at  as  i,Q$  of  the  total,  we  should  have  the  following  numbers 
..s  representing  the  heat  emitted  from  various  surfaces: 

Caat  iron,  new loo     RuBly  aurlace, . , to3 

Wroughi  iron 93    Bright  iron  surface 73 

Dull  lampblack. 106     White  lead,  dull 106 

The  writer  had  some  experiments  made  in  Sibtcy  College, 
the  results  of  which  showed  that  the  effect  of  painting  was  to 
increase  the  amount  of  heat  given  oR. 

It  was  found  that  two  coats  of  black  asphaltum  paint 
increased  the  amount  6^,  two  coats  of  white  lead  9*.  Rough 
bronzing  gave  about  tJie  same  results  as  black  paint. 

On  the  other  hand  a  coat  of  glossy  white  paint  reduced  the 
.amount  of  heal  emitted  about  10*. 

51.  Results  of  Tests  of  Radiating  Surface.— The  results 
|0(  the  experiments  of  IV-clct  have  been  given  quite  fully,  and 
ley  will  be  found  to  agree  well  with  best  modern  tests  when 
'ihe  conditions  arc  similar.     The  radiating  surface   ordinarily 

iployed  for  steam  or  hot-water  tieating  consists  of  a  number 
i^f  pipes  closely  grouped  together  so  as  to  occupy  as  little 
Rpacc  as  possible.  In  some  instances  long  coils  or  series  of 
parallel  rows  of  pipe  are  employed  arranged  horizontally,  but 
^lrdinarily  the  pipes  arc  vertical,  and  grouped  together  in  two 
ti>  (our  rows.  The  usual  height  of  radiator  is  36  to  40  inches 
with  the  bottom  placed  about  3  inches  from  the  floor,  making 
the  actual  height  of  radiating  surface  about  3  feet.  In  some 
mst^inccs  radiators  arc  lower,  in  which  case  the  results  per  unit 
of  •.urface  are  considerably  increased. 

The  value  of  a  radiator  in  which  the  surface  is  grouped  so 
.14  to  prevent  the  free  escape  of  radiant  heat  will  depend  largely 
upon  the  effectiveness  with  which  the  air-currcnis  strike  the 
heating  surfaces.  There  is  a  tendency  for  heated  air  to  move 
III  a  vertical  current  in  contact  with  the  radiator  surface,  and 
thus  to  keep  the  upper  portion  in  a  very  hot  atmosphere,  which 
has  the  effect  of  materially  lessening  its  efficiency.  The  prac 
viiical  effect  of  these  restrictions  is  to  reduce  the  heating  power 
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closely  grouped.  The  following  summary  of  a  series  of  radi- 
ator tests  made  by  J.  H.  Mills  shows  that  with  very  small 
radiators  the  results  are  ih  practical  accordance  with  those  of 
P^clet's  experiments,  but  as  the  radiators  increase  in  size  they 
fall  off  about  in  proportion  to  the  loss  of  effective  radiat- 
ing  surface; 
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The  following  experiments  were  made  by  Tredgold*  for 
the  time  of  cooUng  of  water  in  vessels  of  various  kinds.  The 
writer  has  reduced  the  results  to  heat-units  given  off  per  square 
foot  of  surface  per  hour. 

SUMMARY  OF  TREDGOLD-S  EXPERIMENTS. 
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Prof.  C.  L.  Norton,  Boston,  Mass.,  reported  in  Transactions 
of  American  Society  of  Mechanical  Engineers,  1898,  that  the 
heat  transmitted  from  a  body  of  hot  oil  was  proportional  to 
the  following  numbers: 


Nen  pipe 

Fair  condition.  .. 
Rusty  and  black. . 
Cleaned  nilh  caus 


Painted  dull  nhilc 
Painted  glossy  " 
Cleaned  irith  pol- 


Coated  with  cylin- 
der oil 116 

Painted  dull  bUck  130.5 

Painted  glony  "  toi 


■  Tredgold's  WAtming  and  Venlitating  of  Buildings,  vttxtoA  edition,  page* 
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^B      The  following   table  is  abstracted  from  one  published    in        ^H 

^K  Warming  and  Ventilation  of  Buildings,"  by  J.  H.  Mills:                 H 
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The  following  table  gives  the  abstract  of  a  large  number  o 
radiator  tests  made  under  the  supervision  of  the  author :  * 
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TESTS  OP  RADIATORS  WITH  EXTENDED  SURFACE  SO  AS  TO 
FORM  AIR. FLUES.  COMPARED  WITH  PLAIN  CAST-IRON 
RADIATORS-' 
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The  above  table  shows  the  results  of  a  scries  of  carefully 
conducted  tests  made  by  the  author,  giving  the  results  of  sup- 
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plying  steam  of  different  degrees  of  superheat  to  a  cast-iron 
radiator  containing  29.6  square  feet  of  surface.  The  entering 
steam  was  superheated  by  a  gas-furnace  as  desired.  By  com- 
parison of  the  degree  of  superheat  with  the  final  results  it 
will  be  noted  that  the  heat  transmitted  per  degree  difference 
of  temperature  fell  off  materially  with  increase  of  the  degree 
of  superheat.  Temperature  readings  taken  from  a  thermom- 
eter inserted  immediately  inside  the  radiator  (rf)  indicated 
no  superheat,  although  the  small  condensation  warrants  the 
opinion  that  the  steam  in  the  central  portion  t)f  the  radiator 
was  superheated.  A  thermometer  (^)was  fastened  in  contact 
with  the  outer  surface  of  the  radiator  and  protected  as  much 
as  possible  from  loss  of  heat  by  hair  felt.  This  thermometer 
read  about  3.5  to  5.5  degrees  less  than  the  inside  one,  thus 
indicating  an  error  in  that  method  of  taking  temperatures  of 
a  radiator  surface,  as  it  is  probable  that  the  surface  was  at  the 
same  temperature  both  inside  and  outside. 

The  following  tests  made  on  cast-iron  steam-radiators  of 
different  dimensions  by  the  author  are  interesting  as  showing 
that  the  heat  transmission  is  lessened  by  increasing  the  height 
or  the  thickness  of  the  radiator,  and  increased  by  diminishing 
the  distance  between  the  sections  or  parts. 


TESTS   OF   CAST-IRON   STEAM    RADIATORS   WITH    DIFFERENT 

DIMENSIONS. 
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Actual  surface,  square  feet 

Rated  surface,  square  feet 

Barometer,  inches 

Temperature^  degree*  Fahr, 
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(^)  Entering  steam,  degrees 

(c)   Condensed  water,  degrees 

(A)  Difference  between  steam  and  air,  deg. 

Steam-pressure,  absolute,  pounds 

Quality  of  steam,  per  cent  . .     

Steam  condensed  per  hour,  pounds 

Ditto  and  per  square  foot,  pounds    

Total  heat  radiated  per  hr.,  B.  T.  U 
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Ditto  and  per  degree  (actual)  B.  T.  U 

Ditto  and  per  degree  (rated)  B.  T.  U 
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The  wall  radiator,  which  gives  the  highest  results  in  the 
above  series  of  tests,  was  placed  about  four  inches  from  a  wall 
and  was  about  2 1  inches  in  height  by  54  inches  in  length.  Its 
efficiency  is  about  the  same  as  horizontal  pipe  surface. 

The  following  table  is  of  value  as  showing  the  relation  be- 
tween coal  consumption  and  temperatures  of  water  and  air  in 
a  hot-water  heating  system. 

CONDITIONS  OF  TEMPERATURE.  CIRCULATION.  AND  COST 
OF  WARMING  WITH  A  DIRECT  WATER-HEATING  APPARA- 
TUS  AT  DRAPER  HALL.  ABBOT  ACADEMY.  ANDOVER, 
MASS..  1890.  BY   J.  H.   MILLS. 
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RESULTS  OF  RADIATOR   TESTS  WITH  SUPERHEATED  STEAM. 

Radiator  No.  i. 


Height,  18". 


Measured  surface,  38.6  sq.  ft.     Least  distance  between  sec- 

tions,  ^  inch. 


No.  of 

Pressure. 

1 

Temperature 

Air. 

Deg^rees. 

Temperature 

Steam. 

Degrees. 

D^ree 

B.  T.  U. 
per  Hour 

Pounds  of 
Sieam  Con. 

Test. 

Lbs. 

Superheat. 

per  Sq.  Ft. 
per  Degree. 

denscd 
per  Hour. 

6 

2 

71.3 

217.0 

0 

1.48 

6.25 

5 

2 

77.1 

217. 1 

•13 

1.50 

8.13 

4 

2 

74 -o 

252.8 

35.83 

1.16 

7.88 

7 

5 

70.2 

239.0 

13- 10 

1. 41 

9.18 

3 

5 

75.5 

252.7 

24. 10 

1.23 

8.^8 

2 

10 

72.5 

264.7 

20.70 

1.24 

9.18 

8 

10 

75.8 

238.4 

•30 

i        1.50 

925 

z 

30 

74.1 

274.5 

1. 10 

1.83 

14.07 

Radiator  No.  2. 

Height,  38".     Measured  surface,  49.1  sq.  ft.     Least  distance  between  sec- 
tions, }  inch. 


6 

2 

73-5 

217.0 

0 

1.88       ' 

13.00 

5 

2 

80.3 

217  I 

•  13 

1.92 

12.75 

4 

2 

77-0 

252.8 

35.83 

1. 41 

12.75 

7 

5 

73.5 

239.0 

13.10 

1.74 

14.16 

3 

5 

76.7 

252.7 

24.10 

1.45 

13.12 

2 

10 

74-2 

264.7 

26.70 

1.62 

1500 

8 

10 

77.3 

238.4 

.30 

1. 91 

15.16 

I 

30 

;    76.8 

274.5 

1. 10 

1.97 

18.94 

52.  Tests  of  Indirect  Heating  Surfaces.— The  tests 
which  have  been  made  on  indirect  heating  surfaces  show  very 
great  difiference  in  results,  varying  from  those  given  by  Peclet 
for  the  loss  due  to  convection  alone,  to  results  which  are  8  or 
ID  times  as  great.  This  difference  in  result  is  no  doubt  due  in 
each  case  to  the  velocity  of  air  which  comes  in  contact  with 
the  surface.  When  the  indirect  radiators  are  not  freely  sup- 
plied with  air,  or  the  velocity  is  low,  the  amount  of  heat  which 
is  discharged  is  small ;  when  the  velocity  of  the  air  is  high,  the 
amount  of  heat  taken  up  is  proportionally  greater.  According 
to  experiments  made  by  the  writer,  the  coefficient  of  heat 
transmission  increases  as  ll.e  square  root  of  the  velocity  of  the 
air. 

The  amount  of  air  passing  over  a  given  surface  of  the  radi- 
ator can  be  e.stimated  quite  accurately  by  the  amount  of  heat 
given  off,  which  we  can  reasonably  suppose  in  this  case  to  be 
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all  utilized  in  warming  the  air.  At  a  tenriperature  of  about  60 
degrees,  i  heat-unit  will  warm  55  cubic  feet  of  air  i  degree 
(see  Table  X),  so  that  the  number  of  cubic  feet  of  air 
warmed  is  equal  to  55  times  the  total  number  of  heat-units 
given  off  from  i  square  foot  of  heating  surface  per  hour, 
divided  by  the  difference  of  temperature  of  entering  and  dis- 
charge air. 

Note. — Let  T  =  temperature  discharge  air,  /'  that  of  entering  air, 
H  =  total  number  of  heat- units  given  off  per  square  foot  of  surface,  a 
the  number  of  square  feet  of  surface.    Then, 

Cubic  feet  of  air  per  square  foot  heating  surface  =  ^'p\_  ^f. 

The  following  tests,  made  under  the  direction  of  the  writer, 
give  actual  results  obtained  in  testing  steam-pipes  in  a  current 
of  air  moving  at  different  velocities : 

SUMMARY  OF  RESULTS.— TEST  OF  2"  STEAM-PIPE   WITH 

BLOWER. 


1 

Heat  Transmis- 

Cubic 

1  Cubic 

Steam- 

prcsaiuie  by 

Gau|{e. 

Average 

Difference  of 

Temperature  of 

Steam  and  Air 

of  Room. 

Velocity  of  Air 

Pa^sinff  over 

Pipe   reet  per 

Second. 

sion  in  B.  T.  U. 

per  Square 
Foot  per  Hour 
for  each  Degree 

of  Temper- 
ature. 

Increase  ia 
Temperature 

01  Air, 
Deg.  Fahr. 

Feet  of 
Air  per 
Sq.  Ft. 

Hour. 

1 

1 

1  Feet 
of  Air 

per 
Sq.Fi. 

per 
Min. 

4-45 

123.72 

9.8 

6.32 

26.7 

1    148 

->  — 
-  / 

509 

120.30 

9.4 

6.37 

28.4 

142 

25 

5.38 

113.68 

4.1 

4.29 

42.0 

63 

II 

5.86 

113.44 

4.5 

4.72 

42.4 

69 

12 

5.27 

119.32 

6.7 

5.46 

34.9 

102 

16 

5.15 

116.20 

5.5 

1 

5.46 

37.4 

83 

15 

5.20 

"7.77 

12.48 

134.29 

7.1 

5.53 

35.9 

112 

19 

13  70 

132.73 

6.7 

5.19 

37.3 

lOT 

17 

12.10 

127.84 

6.0 

5.24 

40.9 

91 

15 

12.25 

125.75 

5.5 

5.19 

43.1 

1^    1 

14 

13.73 

125.93 

4.3 

4.53 

48.3 

65    ' 

II 

1355 

122.87 

4.4 

4.99 

5».4 

1 

66 

11 

12.97 

128.24                                   ■ 

25-35 

157.05 

8.6 

5.67 

37.1 

130 

22 

27.10 

158.27 

9.1 

5.91 

37.7 

136 

23 

27-54 

153.70 

6.7 

5.36 

44.8 

lOI 

17 

28.21 

153.28 

6.3 

5.41 

45.4 

100 

17 

27.10 

146. 68 

4.3 

4.20 

52.6 

65 

II 

26.70 

147.19 

4.6 

4.61 

53.7 

70 

12 

26.97 

152.69 

« 
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MEAT  GIVEN   OfF  fA'OM   RADIATING   SURFACES.     I07 

Tests  of  Blower  Systems  of  Heating. — The  heat  given 
(olT  from  -Ax\  indirect  radiator  over  which  the  air  is  forced  by  a 
:r  or  fan   varies  with  the   difference  in  temperature  be- 
1  the  steam  in  the  pipe  and  the  surrounding  air,  with  the 
f  Velocity  of  air,  and  with  the   number  of  rows  of  pipes  over 
which    the  air  passes.     A  series  of  tests  were  made    under 
supervision  of   the   author  by    blowing  air  over  an    indirect 
heater,  consisting  of  eight  sections,   each  section  containing 
^four  rows  of  one-inch  pipe  and  180.85   square  feet  of  heating 
iurface,  and  arranged  so  that   one  or  more  sections  could  be 
Eemploycd   as   desired.     During   each  test  air  was  drawn  by 
luction  through  the  heater  or  radiator  by  a  blowing-fan  hav- 
ing a  wheel   4   feet   in  diameter,  driven  by  an   engine.     The 
■  principal  portion  of  the  test  was  made  with  the  fan  revolving 
400  turns  per  minute,  and  so  a.s  to  give  a  peripheral  speed  to 
the  tips  of  the  fan-wheel  of  5026  feet  per  minute.     The  speed 
of  the  air  approaching  the  heater  was  for  the  most  part  473 
feet  per  minute,  but  between  the  coils  its  speed  was  about  1250 
(eet  and  in  the  discharge-duct  2900   feet  per  minute:    its 
temperature  on  entering  was    about  70°   Fahr,     The  tables 
following   give    the   data   and    results   of   the    various    tests 
expressed   in    B.  T,  U,  per  square  foot  per  hour  per  degree 
difference  of  temperature  between  the  steam  and  the  entering 
air  and  between  the  steam  and  the  mean  temperature  of  the 
air.     The  tables  also  give  the  probable  B.  T.  U.  per  square 
I  foot  per  hour   for  the  entering  air  at  0°  Fahr.,  this  amount 
K being  calculated  from  the  results  of  the  test  by  application  of 
rthe  well-known  physical  law  that  the  heat  transmitted  varies 
almost  exactly  with  the  difference  of  temperature.     By  divid- 
ing  this  latter  quantity  by  the  number  of  heat-units   in  one 
pound  of  latent  heat,  as  shown   in   a  steam-table  for  the   re- 
quired pressure,  the  weight  of  steam  that  would  be  condensed 
per  square  foot  of  heating  surface  per  hour  is  obtained  as 
given  in  the  tables. 

A  general  table  given  on  page  1 10  was  computed  from  the 
average  results  of  the  tests  by  application  of  well-established 
physical  laws. 
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GENERAL  TABLE   FOR   BLOWER   SYSTEMS  OF   HEATING. 


Number 
of  Rows 
of  Pipes. 

Lbc.  of  Steam  Condensed 
per  Hr.  per  Sq.  Ft.  H.  S. 

B.  T.  U.  per  Square  Foot 
H.  S  per  Hour. 

Veloctty  of  Air  1*50  Feet 
per  Minute. 

Entering 
Air  7o». 

Entering 
Airo*. 

Total. 

Entering 

Air  TO*. 

Per  Degree 

Difference 

Steam  and 

Entering  Air 

Increase  In 
Temperature 

ot  Air. 
Deg.  Fahr. 

Cu.  Ft.  Air 

per  Sq.    Ft, 

H.  S.  per 

Minute. 

4 
8 

12 

i6 

20 

24 

28 

30 

1.57 
1.32 
I. II 
0.98 
0.90 
0.85 
0.83 
0.81 

1.67 

1.37 
1. 16 

1.02 

0.93 
0.88 

0.85 

0.83 

1480 
1240 
1050 

930 
850 
800 
780 

775 

7.4 
6.2 

5.3 

4.7 

4.3 
4.0 

3.9 

3-85 

20 

33 
42 

49 
56 

63 
72 
76.5 

72 
36 

24 
18 

14.4 
12 

10.3 
9.6 

The  temperature  of  discharge  would  be  increased  by  driv- 
ing over  the  radiator  smaller  quantities  of  air,  and  diminished 
by  increasing  the  amount  of  air,  the  rise  of  absolute  tempera- 
ture being  inversely  proportional  to  the  volume. 

It  will  be  noted  from  the  above  table  that  the  amount  of 
heat  given  to  the  air  increases  very  slowly  after  it  has  passed 
through  or  between  i6  rows  of  pipes,  and  that  the  economic 
limit  of  the  number  of  rows  of  pipes  must  approximate  be- 
tween 16  and  24. 

The  tests  indicate  that  the  total  heat  transmitted  in 
B.  T.  U.  per  square  foot  for  a  heater  with  varying  rows  of 
pipes  can  be  expressed  very  nearly  by  an  equation  in  which  H 
equals  the  number  of  heat-units  per  square  foot  per  hour,  the 
subscript  gives  the  number  of  rows  of  pipes  over  which  the  air 
has  passed  and  V  equals  velocity  of  air  in  feet  per  minute 
between  the  rows.     We  shall  have  for  entering  air  70°  F, 

For  one  pipe H\   =250+  45  VJ^. 

For  four  pipes Hk    =250+  35  V'^- 

For  eight  pipes H%   =250+  27  ^T\ 

For  twelve  pipes Hit  =  250  +  23  ^T^, 

For  sixteen  pipes //^i«  =  250  +  20  f'T'T 

For  twenty  pipes //so  =  250  +  ly  ^V. 
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For  tweiiiy-four  pipes..  H,,  =  250  + 

ifit^PT 

For  twenty-eight  pipes.  //,,  =  250  + 

.sVr. 

For  thirty  pipes II,,  =  350  + 

4.7  v-f. 

It  will  be  noted  in  the  above  equations  that  when  V  ^o,  H 
in  ail  cases  =  250,  which  approxioiates  the  transmission  of  heat 
in  B.  T.  U.  per  square  foot  per  hour  in  still  air.  The  amount 
of  heat  transmitted  for  entering  air  0°  F.  will  be  about  3  per 
cent  greater  than  given  by  the  above  equations. 

The  heat  transmitted  per  square  foot  of  heating-surface 
per  degree  difference  of  temperature  of  the  steam  and  entering 
air  can  also  be  expressed  by  an  equation  similar  to  that  given 
for  the  total  heat  per  square  foot  per  hour.  The  calculation 
(or  this  case  will  be  rendered  easier  by  using  the  velocity  in 
feet  per  second,  instead  of  in  feet  per  minute  as  in  the  preced- 
ing case.  If  we  denote  the  velocity  of  the  air  over  the  pipes 
in  feet  per  second  by  v,  the  heat  transmitted  per  degree  differ- 
ence of  temperature  per  hour  by  r,  with  a  subscript  denoting 
the  number  of  pipes  over  which  the  air  passes,  we  shall  have  : 


"  P'pe f 

For  four  pipes j 

For  eight  pipes r 

For  twelve  pipes / 

For  sixteen  pipes / 

For  Lweniy  pipes 1 

^' For  twenty-four  pipes  .  1 

^  Tor  twenty-eight  pipes,  t 

For  thirty  pipes r 


-  12J0/S' 

-  ..35  f^ 

-  1.08  Vv. 
.91  Vv. 

1. 15  +  .7S*«^ 
I. IS  +  .67  ^v. 
I. IS  +  .60  Vv. 
i.aS  +  .58  Vv. 
■  17  Vv. 


■»/aJO)  Vv. 


^^F        tt  will  be   noted  in  the  above  equations  that  for  v  ^=  o. 

,  r=  1.25  in  all  cases. 

In  practical  cases  the  entering  air  ordinarily  passes  first 
through  a  heater  of  sufficient  extent  to  warm  it  to  70°  F,  in 
Kro  weather,  which  is  termed  a  tempering  coil ;  from  thence 
it  passes  either  through  the  main  radiator  or  heater  or  directly 
to  the  room,  as  may  be  necessary  to  maintain  the  proper 
temperature  without  changing  the  volume  of  air  supplied, 


=  1. 15 
=  1.^5  + 


=  1.25  -1- 


jlied.  ^ 
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From  the  general  results  shown  in  the  table,  page  104,  it  is 
seen  that  the  heat-units  given  off  per  square  foot  per  degree 
difference  of  temperature  is  a  function  of  the  square  root  of 
the  velocity  in  feet  per  second  plus  a  constant.     That  is, 

A  =  2  +  1.3  ^v. 

The  tables  (pp.  105  and  106)  contain  an  extensive  summary 
of  tests  of  indirect  radiators,  abstracted  from  Mills'  work  on 
Heating  and  Ventilation,  and  are  of  especial  interest  as  show- 
ing the  close  agreement  in  results,  whether  water  or  steam  is 
used.  The  higher  results  in  this  table  agree  fairly  well  with 
the  rule  stated;  those  for  natural  draught  are  much  smaller, 
and  approximately  equal  to  the  square  root  of  the  velocity  in 
feet  per  second. 

53.  Conclusions  from  Radiator  Tests. — The  general  re- 
suits  of  radiator  tests  can  be  summed  up  as  follows :  First,  that 
the  values  for  heat  transmission  in  recent  tests  of  direct  radia- 
tors vary  greatly  and  differ  more  from  an  average  result  than 
from  those  given  by  Peclet,  and  consequently  his  results 
can  be  used  with  confidence  as  applying  to  modern  radiators. 
Second,  the  results  of  the  test  show  greater  differences  in  favor 
of  low  radiators  as  compared  with  high  ones  than  was  shown 
in  the  experiments  of  Peclet.  Third,  the  experiments. do  not 
show  any  sensible  difference  for  different  materials  used  in 
radiators  or  for  hot  water  or  steam,  provided  the  difference  in 
temperature  between  the  air  in  the  room  and  that  of  the  fluid 
in  the  radiator  is  the  same.  Fourth,  the  internal  volume  of 
radiators  is  of  value  only  in  lessening  the  friction  of  the  fluid. 
It  has  no  special  influence  on  the  results.  Fifth,  the  extended 
surface  radiators,  or  radiators  in  which  the  cast  iron  projects 
from  the  surface  into  the  air,  show  large  results  when  estimated 
on  the  basis  of  projected  or  plain  surface,  but  show  very  small 
results  when  estimated  on  the  basis  of  measured  surface. 
Sixth,  thin  radiators,  or  those  with  one  row  of  tubes,  always 
show  higher  efficiency  than  thick  ones  or  those  with  numerous 
rows  of  tubes.  Seventh,  comparative  tests  of  radiators  should 
only  be  made  between  radiators  of  similar  forms,  or  at  least 
those  which  have  about  the  same  amount  of  surface. 
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I'rof.  J.  H.  Kinealy  in  liia  work  translated  from  the 
German,  "  Formulas  and  Tables  of  Heating,"  gives  tlie  total 
value  of  the  heat  in  B.  T.  U.  per  square  (cot  per  hour  from 
Rietschel  as  follows: 


I 


Be^ow  7.]  Puundi. 

A^kM^P^MIi. 

"•"""«""'•«■ 

B.  T.  U. 
per  Hour, 

pound! o( 

p.r  Hour. 

Pound. ol 

CondViucd 
per  Hour. 

SiUH:    D11.KT    R.DIAT1™. 

■ta  Id  >rs 

.Jo.«.Bi 

lej 

i 

:3s:;S 
hi 

.15  10  -J 

o'Ttlo''' 

o.ijroo.iq 

o.«S 

3 

K««Bied ""I".  ''.'":..":::::::... 

•Cwi-inH>  ribbed  rtdldon 

Snox:  l^iMiiiitT  Rasiitioh. 

PipeMjIed  lower  Ih.o  ,  («;  j  inchn. 

•cUi-irm  ribSf dhe^  f»»«r  ^l^U  ■" 

...      -        ..           "      higher    ■■     • 

Hot  WAT..  :  Di.kct  RAn.AT.o«. 
V«lJemlpjpenidi.lor.  ™™wj^ 

Snunib  plp«  under  ij  (Ml  Iohr,  nrticiul! 

P.Heoiltil 

IIotWa-™!.:   iNmnKT  IUdiatioh. 

^,™*,»..„,.,;^..;^,,,^»5» 

b 


The  amount  of  steam  condensed  In  pounds  per  hour  per 
square  foot  can  be  calculated  when  the  heat  transmission  per 
degree  difTercncc  of  temperature  per  square  foot  is  given,  by 
multiplying  this  last  quantity  by  the  difference  in  temperature 
between  the  steam  and  the  room  and  dividing  this  result  by 
the  latent  heat  of  one  pound  of  steam  at  the  given  pressure. 
Thus  if  the  steam  is  supplied  at  a  gauge  pressure  of  1.3 
pounds  (16  absolute),  we  find  by  consulting  the  steam-table, 
No.  XIII,  in  the  Appendix  that  its  temperature  is  2i6''.2g, 
and  that  it  contains  962,65  B,  T,  U.  per  pound  as  latent 
heat.  With  room  70°,  difference  of  temperature  146°.  and 
coefficient  of  heat  transmission  1.75,  the  total  heat  trans- 
mitted per  square  foot  per  hour  becomes  255  B.  T.  U.  This 
divided  by  962.62  gives  the  condensed  steam  as  0.265 
pounds,  which  is  about  an  average  case  for  a  cast-iron  radiator. 
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54.  Probable    Efficiency   of  Indirect   Radiators. — The 

velocity  with  which  the  air  will  move  over  radiators  when 
heated  a  given  amount  can  be  readily  computed  as  explained 
in  Article  33.  With  a  given  velocity  we  can  determine  from 
the  experiments  cited  the  probable  amount  of  heat  that  will  be 
given  off  per  degree  difference  of  temperature  per  hour  for 
natural  and  for  forced  circulation.  The  results  deduced  from 
experiments  are  given  in  the  following  tables: 

TABLE   FOR   NATURAL  CIRCULATION. 


Units  of  Heat  per 

Height  in  Feet. 

Temperature  of 
Entering  Air 
above  Room. 

Velocity  in  Feet 
per  Second. 

Degree  Difference 
of  Temperature, 

Aversige  per 

Square  Foot  per 

Hour. 

Corresponding 

Siory  of 

Building. 

5 

50 

2.97 

1.72 

I 

10 

50 

4.17 

2.02 

I 

17 

47 

5-3 

2.3 

2 

20 

45 

5.6 

2.36 

2 

25 

45 

6.3 

2.52 

2 

30 

42 

6.6 

2.58 

3 

35 

42 

7.2 

2.68 

3 

40 

40 

7.5 

2.72 

4 

50 

40 

8.4 

2.81 

5 

TABLE  SHOWING  THE  HEATUNITS  PER  DEGREE  DIFFERENCE 
OF  TEMPERATURE  BETWEEN  THE  ENTERING  AIR  AND  THAT 
OF  THE  HEATING  SURFACE  FOR  DIFFERENT  VELOCITIES  OF 
AIR  APPLICABLE  IN  FORCED  CIRCULATION. 


Heat-units  per  Degree 

Velocity  in  Feet 

Velocity  in  Feel 
per  Minute. 

Gauge-reading.  Inches 

Difference  of  Tem- 

per Second. 

of  Water-pressure. 

perature  per  Square 

Foot  per  Hour. 

I 

60 

0.002 

2 

2.5 

150 

0.014 

3.13 

5 

300 

0.064 

4.5 

7-5 

450 

0.124 

5-5 

10 

600 

0.22 

6.33 

12.5 

750 

0.37 

7-1 

15 

qoo 

0.50 

7.75 

17.5 

1050 

0.65 

8.35 

20 

1 2c  0 

0.82 

9 

22.5 

1350 

i.oS 

9-5 

25 

1500 

1.28 

10 

55.  Temperature   produced   in   a   Room   by  a  g^iven 
Amount  of  Surface  when  Outside  Temperature  is  High.— 


HSAT  CJVEN   off  FKOM   KADIATING   SURFACES.       'Ij 

Guarantees  are  often  made  respecting  heating  apparatus  that 
it  shall  be  sufficient  to  maintain  a  temperature  of  70  degrees 
when  the  external  air  is  at  some  fixed  point,  as  zero,  or  10 
below.  As  under  the  exact  conditions  of  the  guarantee  the 
trial  can  only  be  made  when  the  external  temperature  corre- 
sponds with  that  specified,  it  becomes  of  some  importance  to 
establish  an  equivalent  temperature  which  would  indicate  the 
efficiency  of  the  heating  apparatus  for  any  specified  condition. 
Tiie  following  method  applicable  for  suchcomputations  and 
is  expressed  in  the  shape  of  a  formula : 

Let  7"  equal  temperature  of  radiator,  /'  that  of  room,  and  / 
that  of  outside  air  for  the  conditions  corresponding  to  the 
guarantee.  Let  B  equal  loss  from  room  for  i  degree  differ- 
ence of  temperature;  let  f  equal  the  heat-units  from  1  square 
loot  of  radiator  per  i  degree  difference  of  temperature  for  con- 
ditions corresponding  to  the  guarantee;  let  c'  denote  the  same 
values  for  other  conditions;  let  x  equal  resulting  temperature 
of  room,  t"  outside  air  for  the  actual  conditions,  R  equal  square 
(eet  of  radiation. 

For  guaranteed  conditions, 

{f-t)B^c(T-f)R. (I) 

For  actual  conditions. 

{x^f)B  =  c'{T-x)R, (2) 

Dividing  (i)  by  (2), 

l_^^di-n 

X  —  ("      c\  T-  X)  "' 

When  /■  =70.  T=  320,  /  =  o,  and  c  =  1.8,  we  have 


I 
I 


^  - 


The  coefficient  of  heat  transm  ission  c'  grows  less  as  the  tem- 

)erature  in  the  room  becomes  higher,  as  already  shown  in  Art. 

;  so  the  equations   can  only  be  solved   in   an  approximate 

lanner.     The   following   table    gives    the     temperatures    in 

mn    4.  whit^i  a  room   would  have   for   various   tempera- 
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tures  outside,  provided  there  was  sufficient  radiating  surface 
to  heat  the  room  to  70  degrees  in  zero  weather.  The  tempera- 
ture of  the  radiator  in  all  cases  is  assumed  to  be  that  due  to  3 
pounds  pressure  of  steam  by  gauge,  or  220  degrees. 


TABLE.* 


TeniMrature 
Outside  Air. 

CoefBcient.t 

Heat  per  Square 

Foot  per  Hour 

per  Degree. 

Total  Heat  per 

Square  Foot 

per  Hour. 

KeMilUiif 

Temperature 

of  Room. 

Difference 

Temperature 

Radiator  and 

Room. 

—  10 

1.85 

288 

64.7 

155.3 

0 

1.8 

270 

70 

150 

10 

1.75 

253 

75.1 

144.9 

20 

1.7 

236 

81 

139 

30 

1.65 

218 

86.5 

133.5 

40 

1.6 

203 

93.1 

126.9 

50 

1-55 

188 

98.7 

129.3 

60 

1.5 

172 

104.7 

115. 3 

70 

1.45 

158 

no. 5 

109.5 

80 

1.4 

142 

117. 1 

102.9 

90 

1.35 

130.5 

123.5 

96.5 

100 

1.3 

117 

130.3 

89.7 
y 

Example  skcttnttg  AppH^ation  of  Table, — To  determine  by  a  test  of  the 
apparatus,  when  weather  is  60**,  whether  a  guarantee  to  heat  to  70"^  in  zero 
weather  is  maintained,  operate  the  apparatus  as  though  in  regular  use  and  note 
the  average  temperature  of  the  room.  If  the  room  has  a  temperature  equal  to 
or  in  excess  of  104.7**  F.,  it  would  have  a  temperature  of  70*  in  zero  weather, 
all  other  conditions,  such  as  wind,  position  of  windows,  etc,  being  the  same  as 
on  the  day  of  the  test. 


*  X^^'table,  although  calculated  for  steam  with  radiator  at  temperature  of 
220*  F.,  is  practically  correct  for  hot-water  radiation  or  for  steam  at  any  pressure 
and  temperature. 

t  Value  of  ^  in  formuls. 

{ Vol.  I,  Transactions  American  Society  Heating  and  Ventilating  Eo- 
gineers. 
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CHAPTER  V. 

I   PIPE  AND   FITTINGS    USED    IN   STEAM    AND   HOT-WATER 
HEATING, 

56.  General  Remarks.— In  this  chapter  will  be  found  a 
concise  description  o{  pipe  and  fittings  to  be  had  regularly  of 
most  dealers.  Such  a  description  is  entirely  unnecessary  to 
those  familiar  with  current  practice  in  the  industry  of  steam 
and  hot-water  heating ;  but  as  the  writer  has  found  by  experi- 
ence detailed  knowledge  on  this  subject  is  often  required,  the 
following  descriptions  are  deemed  necessarj'. 

It  may  be  remarked  in  a  general  way,  that  for  conveying 
heated  air,  galvanized  or  tin  pipe  or  brick  flues  are  usually  pro- 
vided, but  for  the  purposes  of  conveying  steam  or  hot  water 
wrought-iron  pipe  is  used  almost  exclusively. 

57.  Cast-iron  Pipes  and  Fittings. — Cast-iron  pipe  was 
used  very  largely  at  one  time  for  both  supply-pipe  and  radial- 
ing  surface  in  hot-water  heating,  but  at  present  it  is  used  only 
to  a  limited  extent  in  greenhouse  heating.  For  this  purpose 
one  size  of  pipe  only  is  used,  and  this  is  4-^"  outside  diameter. 
The  pipe  weighs  about  1 2  lbs,  to  the  foot,  and  has  a  capacity  of 
^gal.  per  foot.  The  pipes  are  usually  joined  by  socket -joints,  for 
which  purpose  a  socket  is  cast  on  one  end  of  each  pipe.  The 
joints  are  formed  by  inserting  one  end  of  one  pipe  into  the 


socket  of  another  and  filling  the  interspace  either  with  melted 
lead,  iron-filings  and  ^al-ammoniac,  sulphur,  or  cement,  and 
calking  thoroughly.  The  lead  joint,  which  is  ordinarily  used, 
is  formed  by  making  a  mould,  by  wrapping  a  hemp  rope  covered 
with  clay  around  the  joint,  with  a  pouring-place  on  top,  into 
which  the  melted  lead  is  run.     After  the  joint  cools  the  lead  is 


^^  which  t 
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driven  into  place  with  a  calking-iron.  The  rust-joint  is  a  v 
excellent  joint,  and  often  used.  It  is  made  with  a  cernd 
formed  by  saturating  for  ten  or  twelve  hours  iron  turnings  1 
filinK»  with  Bakimmoniac.  This  cement  is  pressed  into  | 
Hocket,  and  then  pounded  tightly  into  place  with  a  calking-ii 
Joints  made  with  PortUnd  cement  are  sometimes  used,  but  t|J 
arc  likely  to  crack  from  the  heat,  and  cannot  be  recommendd 

The  regular  form  of  pipe  and  some  of  the  principal  fittin 
•re  shown  in  Figs.  33  to  36. 


em 
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pipe    is   sometimes    provided    witli   flanges,   and    joints 
made   by  bolting   the  pipes  together,  packing  being  in-    ■ 
;rtcd  to   prevent  leaks.     These   are   inferior   to  the   calked 
nts. 

58,  Wrought-iron  and  Steel  Pipe. — Pipe  made  of  wrought 

>x\  is  now  almost  exclusively  used  for  the  purposes  of  convcy- 

ig  steam  or  hot  water  in  heating  systems.     This  pipe  is  made 

a  number  of  factories  and  of  standard  sizes,  su  that  the 

Wpe    obtained    from    one    is    reasonably    certain    to    fit    that 

another.      Wrought-iron   pipe  is  manufactured  from  iron 

)[  the  proper  thickness,  which  is  rolled  into  pipe  shape,  and 

■ised  to  a  welding  heat,  after  which   the  edges  are  welded 

\y  drawing  through  a  die.     The,  smaller  sizes,   i^  incii  and 

mder,  are  bult-welded ;  the  larger  sizes  are  in  all  cases  lap- 

ildcd.*  ; 

This  pipe  is  put  on  the  market  in  three  diflerent  grades  of 

lickness:  first  the  standard  grade,  v/\\\c\t  is  used  principally 

r  heating  purposes;  this  is  tested  to  a  pressure  of  250  lbs, 

:r  sq.   in.  and  has  the  dimensionsgivcn  in  Table  XVIII :  it 

manufactured    in   sizes   from    \   in.  to    15  in,  in  diameter. 

bicker  pipe,  called  extra  strong,  and  still  heavier  pipe-called 

wble-extra  Strimg,   is  manufactured,  and  can    be   obtained  if 

quired.     The  thick  piping  has  the  same  distinguishing  name 

pipe  of  standard  weight,  having  the  same  external  diameter, 

'hich  is  in  all  cases  that  of  the  internal  diameter  of  the  stand 

rd    pipe.      The   extra-strong   and    double-extra  strong  have 

laller  diameters  than  would  be  implied  by  the  name ;  thus, 

-  instance,  inch  pipe,  standard  size,  has  an  inside  diameter  of 


lugh  a  beltshape 
The  whol^lcngi 


•  The  process  of  tapweldine  is  as  follows  :  The  sheel  of  iron  Is  railed  la 
:  (tetired  ihickncs^i,  widlh.  and  length.     The  edges  a 

;n  drawn  while  red-hoi  by  means  of  an   endless  chain   ihroush  a  belLshaped 
',  whii'b  rounds  il  up  and  taps  one  edge  over  tl 
pui  into  the  furnace  and  heated  lo  a  welding  heal,  and  aflerwi 
Ihe  furnace  at  the  opposite  end  into  grooved  rolls  of  a  siie  corresponding  to 

sitt  of  Ihe  pipe.  The  inside  lap  is  supported  by  a  ball  attached  to  a  large 
■  of  iron.  The  ball,  ihe  iron,  and  the  groove  in  the  roll  all  correspond  io 
.1  the  roll  shall  produce  a  sufficient  pressure  upon  the  iron  and  Ibe  ball  to 
M  ibc  laps  of  Ihe  iron  firmly  together,  ihus  producing  ihe  weld. — From  paper 

R.  T.  Crane,  Earfy  Miliary  Wrcught-irBn  Pipt.  Fifth  Annual  Convcncion 
lUer  Steam -Fitters'  Association. 
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about  one  inch,  an  outside  diameter  of  1-315  inches,  while  thd 
extra-strong  pipe  of  the  same  nominal  size  has  the  same  out4 
side  diameter  and  an  inside  diameter  approximately  0.951 
while  the  dtiuble-extra  strong  has  the  same  outside  diamete^ 
and  an  inside  diameter  of  0.5S7  inch- 


-FiG.  37. — Section 


The  following  table  gives  the  diameters,  external  and  li 
temal,  and  weights  per  foot,  of  the  various  kinds  of  pipe. 


AND    f-ITTlNCS. 


the  table  *  the  normal  inside  diameter  is  the  actual  diameter,  or 
nearly  so,  (or  the   standard  pipe;   sizes  to  \\  inch  are  butt- 
Bwelded,  Iar|;cr  sizes  lap-welded : 


■         liui  Di 

Di>L 

Acuwl  Iniidc 

Thickneu  ol  Iran. 

""'ftKT-"- 

s 

Sun- 

Entri 

Double 

Siand- 
anl. 

Eit™ 

Double 

^1 

i 



•li 
iS 

VS. 

a  M9 

O.JJ. 

■0..98 

;i:S 

1.09 

10.  IJ 

I:: 

1 

I  5"////  A]^/. — For  nearly  every  purpose  of  manufacture, 
'soft  steel  has  replaced  wrought  iron,  and  this  will  doubtless 
be  the  case  some  time  so  far  as  piping  is  concerned.  Up  to 
the  present  time,  however,  the  pipe  made  of  steel  has  not  been 
as  soft  as  that  of  wrought  iron,  and  is  more  likely  to  dull  and 
injure  the  dies  and  cutters  used  by  workmen.  It  is  often  not 
so  well  welded,  and  i.s  more  likely  to  split. :f  Solid-drawn  pipe 
has  been  made  to  a  limited  extent,  and  is  very  likely  at  no 
distant  date  to  supersede  welded  pipe  of  all  descriptions. 

Each  length  of  pipe  as  sold  is  provided  with  a  collar  or 
coupling  screwed  on  to  one  end  and  has  a  thread  cut  on  the 
other  «id.  Connections  are  made  by  screwing  the  threaded 
end  of  one  pipe  into  the  coupling  on  the  other.  There  is  no 
standard  length  of  pipes,  the  range  usually  being  from  16  to 
24  feet,  with  occasional  short  pieces.  It  can  be  ordered  in 
lengths,  cut  as  desired  for  slightly  extra  prices;  but  it  can  be 
Ldily  cut  any  length,  and  right-  or  left-handed  threads  may 
cut  as  desired.     It  is  quite  malleable,  and  when  heated  may 


^  lengins,  li 
^^beadily  cu 
^^■e  cut  as  < 


See  more  exlcnijfd  table  in  Appendix, 
t  Apprc 
t  1B98.    Sleel  pipe  <:an  be  purchased  equal  ii 


every  respect  [o  wrouBht  ir 
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be  bent  into  almost  any  shape  by  a  skilful  workman  without 
materially  changing  the  form  of  its  cross-section. 

59.  Pipe  Fittings. — Fittings  for  connecting  pipes  and  for 
giving  them  any  required  direction  with  respect  to  each  other 
are  regularly  on  the  market.  These  fittings  are  mostly  made 
of  cast  and  malleable  iron,  the  prominent  exception  being 
straight  couplings  with  right-handed  threads  in  both  ends, 
which  are  usually  of  wrought  iron. 

Cast-iron  fittings  are  generally  preferred  to  those  of  malle- 
able iron  in  any  system  of  piping  for  heating,  for  the  reason 
that,  being  harder  than  the  pipe  and  less  elastic,  they  are  not 
likely  to  stretch  and  yield  sufficiently  to  permit  leakage  when 
the  pipes  are  connected ;  if  broken,  a  fracture  can  readily  be 
detected  and  a  new  fitting  supplied.  Malleable-iron  fittings 
frequently  stretch  if  pipes  are  screwed  somewhat  too  hard,  so 
that  future  expansion  and  contraction  is  quite  certain  to  cause 
a  leak.  If  it  is  necessary  to  take  down  a  long  line  of  pipe 
in  which  no  removable  joints  occur,  a  cast-iron  fitting  can  be 
easily  broken,  thus  often  saving  more  time  than  the  cost  of  the 
fitting,  while  the  malleable  fitting  cannot  be  so  disposed  of. 
It  is  quite  true  that  malleable  fittings  are  stronger  than  cast- 
iron  when  of  equal  weight,  but  those  on  the  market  are  much 
lighter  than  the  cast-iron  ones;  and,  moreover,  the  standard 
fittings  are  abundantly  strong  for  any  pressures  likely  to  be 
sustained  in  ordinary  systems  of  heating. 

The  standard  pipes  are  considerably  stronger  than  the 
standard  fittings,  and  if  extra  heavy  pressures  are  required,  say 
100  to  150  pounds  per  square  inch,  it  is  advisable  to  use  special 
fittings,  which  differ  from  the  ordinary  ones  principally  in 
weight. 

The  fittings  which  are  on  the  market  can  be  divided  into 
various  classes,  depending  upon  their  use. 

Pipe  Connections. — For  joining  pipes  in  the  same  line  there 
is  provided,  first,  the  wrought-iron  coupling  shown  in  Figs.  38 
to  40. 

The  coupling,  usually  with  plain  exterior,  has  right-hand 
threads  cut  in  both  ends,  and  is  used  principally  in  erecting  a 
pipe  line  where  the  construction  is  continuous  from  one  end  to 
the  other.     A  reducing  coupling.  Fig.  40,  is  frequently  used 
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for  uniting  pipes  of  different  sizes.  In  cases  where  it  is 
necessary  to  "  make  up  '.'  or  unite  lines  of  piping  which  come 
logether  from  different  directions,  a  left-hand  thread  can  be 
cut  on  the  end  of  one  of  the  pipes  and  the  junction  formed  by 


k'lising  a  coupling  similar  to  the  above,  but  with  a  right-hand 
Jircad  cut  in  one  end  and  a  left-hand  thread  cut  In  the  other, 
tuch  a  coupling  being  known  as  a  right-and-left  coupling.  To 
r  tills  coupling  room  is  required  for  end  motion  of  one  of 
lie  pipes  sufficient  to  insert  it. 

In  making  up  right-and-left  couplings  care  must  be  taken 
that  both  threads  on  the  pipe  engage  with  those  in  the  coup- 
ling at  about  the  same  instant.  This  can  be  done  by  screwing 
the  coupling  by  hand  on  the  end  of  each  pipe,  and  counting 
the  number  of  turns  that  can  be  made,  noting  the  number  of 
threads  in  sight  after  the  joint  Is  made  up.  This  coupliiig, 
while  sometimes  difficult  to  use,  forms  the  most  certain  method 
of  uniting  two  pipe  lines  so  that  they  will  not  leak.  For  join- 
ing pipes  a  coupling  which  separates  into  three  pieces,  termed 
unifin,   is   often    employed.     The    parts   of   the    union   arc 


I      ^ 

^V  Pig.  41'— The  L'mo 


screwed  onto  the  ends  of  the  pipe,  and  are  drawn  together  by 
;i  revolving  collar  which  engages  with  the  thread  on  one  of  the 
pieces.  The  joint  is  formed  either  by  drawing  flat  faces  in  Uie 
inion  against  some  elastic  and  soft  material,  as  packing,  or 
■  by  producing  contact  of  groimd  and  fitted  metallic  sur- 
Pipcs  are  also  held  together  by  screwing  flanges  to  ihe 
feipcs,  and  drawing  these  flanges  either  in  contact  or  against  a 
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ring  of  packing  by  bolts  (Fig.  43).     Such  a  joint  is  called! 
fiange  union. 


Lengths  of  pipe  are  frequently  made  up  by  a  short  piece 
of  pipe  with  a  long  screw-thread  cut  on  one  end,  onto  which  is 
screwed  a  very  short  collar  or  lock-nut,  Fig.  44.  The  junction 
is  made  between  two  ordinary  pipe  couplings  by  first  screwing 
the  long  thread  into  one  pipe  coupling  until  the  piece  is  short 
enough  to  be  slipped  into  position,  then  it  is  screwed  into  tha 
other  coupling  by  unscrewing  from  the  first.  When  screwed 
home,  the  collar  or  lock-nut  is  turned  tightly  against  the  first 
coupling,  forming  a  steam-tight  joint  either  by  metallic  contact 
or  by  use  of  packing. 

Pipe  Bends  and  Elboivs. — For  changing  the  direction  of 
pipe  lines  there  can  be  purchased  elbows  with  bends  of  45  or 
90  degrees,  also  reducing  elbows  in  which  one  opening  is  for 
smaller  size  of  pipe  than  that  of  the  other.  The  90-degree 
elbow  can  be  had  cither  with  right  threads  in  both  ends  or 
with  right  and  left  threads,  as  required.  The  right-and-left 
threaded  elbow  can  be  used  for  making  up  two  pipe 
in  a  manner  similar  to  that  described  for  a  right-and-l 
coupling. 


^ 


The  internal  diameter  of  elbows  is  somewhat  in  e 
that  of  the  external  diameter  of  the  pipe,  and  the  r 
bend  is,  according   to   Briggs'  table   (Van  Nostrand  Sciend 
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rics.  No.  68),  equal  in  nearly  every  case  to  the  diameter  of 
'  pipe  plus  a  constant  which  varies  from  |  inch  for  the 
smallest  siie  o(  pipes  to  J  inch  for  the  largest  size.  For  the 
sizes  of  pipes  used  in  heating  the  radius  of  curvature  is 
practically  equal  to  that  of  the  diameter  of  the  pipe  plus 
\  inch. 

Where  the  friction  caused  by  a  standard  elbow  is  detri- 
mental, special  6ttings  (Figs.  48  and  49)  can  be  obtained 

\\  r 

^^P       Fig.  48,— Long-rai)Il-s  Eluow.     Ftc.  jg,— Quarter  Benti  of  Pn>s. 

in  which  the  radius  of  curvature  is  from  two  to  three  times 
that  given.  Such  fittings  are  especially  desirable  in  heating 
by  hot-water  circulation,  and  often  permit  the  use  of  smaller 
pipes  than  would  be  possible  with  standard  fittings. 

Pipe  Junctions,  Tees,  Y's,  etc. — For  the  purpose   of  taking 
E  one  pipe  line   from   another  special  fittings  can   be  had, 


RfiDUCiNG  Tee — OPE\rNGS  Vabious 

Sizes.     (In  describing  suie  diam- 

eier  of  branuh  last.) 
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which  are  designated,  according  to  their  shape,  as  tee.  cross, 
iidc-outlel   elbow,  and    Y-branch,  all  of  which  can   be   bought 


with  the  openings  for  the  same  or  dif 
combination  required. 

These  various  fittings  are  show 
ings. 


rent  sized  pipe; 
in  the  annexed  engrai 


P  •  • 


1 


Miscellaneoui  Fittings. — For  reducing  the  size  of  opening 
in  a  fitting,  bushings  of  cast  (Fig.  58}  or  malleable  iron  can  be 
used;  for  closing  up  the  end  of  fittings  a  screwed  plug  (Fig,  59) 
can  be  employed  ;  and  for  closing  the  end  of  a  pipe  a  screwed 
cap  {Fig.  60)  can  be  used.  Where  a  coil  of  pipe  is  desirable,  tt 
can  be  formed  by  screwing  pipes  into  U-shaped  fittings,  called 
return  bends.  These  can  be  had  with  either  right  threads  or 
right-and-left  threads,  and  in  close  (Fig.  61)  or  open  pattern 
(Fig.  62),  and  with  the  threads  tapped  so  as  to  give  nearly  any 
pitch  or  rake  of  the  pipe.  For  slightly  changing  the  position 
of  a  pipe  an  offset  (Fig.  O3)  can  be  used.  To  prevent  leaking 
where  a  long-threaded  nipple  has  been  used,  a  lock-nut  can  be 
screwed  on  against  a  grummet,  or  ring  of  packing. 
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'  Fittings  can  also  be  had  for  erecting  parallel  lines  of  pipe, 
\  shown  in  Figs.  65  and  66 ;  they  are  termed  branch  tfes^  and 


Fig,  &5.— Branch  Tek,  I'l 


Fic.  66— Bbanc 


can  be  had  (or  ahnost  any  number  of  pipes,  and  for  sixes 
varjing  (rom  three-quarter  to  three  inches.  The  distance  be- 
tween centres  c(  branches  is  varied  somewhat,  but  is  usually 

2  inches  (or  three-quarter-inch  pipe,  2j  inches  for  one-inch  pipe, 

3  inches  for  one-and-a-quarter-inch  pipe,  and  3^  inches  for  one- 
and-a-half-inch  pipe.  The  branch  tees  are  fitted  with  opening 
for  supply-pipe  and  discharge-pipe  either  in  end  or  side  as 
specified.  In  those  made  for  circulation  the  holes  are  tapped 
with  right-hand  threads;  those  made  for  box-coils  are  tapped 
for  left-hand  thread  on  branches. 

Short  pieces  of  pipe  called  nipplts  can  be  had  of  any  length 
required,  provided  with  right-hand  tlircads 
cut  on  both  ends,  or  with  right   thread   on 
one    end    and    left    thread    on    the    olher.  ' 

Short  pieces  of  pipe  called  quarter  or  eight-     „ 

,    ',„,  ^^        ,         ^    ,    .         ,      ^     ,      Fig.  67.       Fig.  68. 

bends  {Fig.  49)  may  be   used   in   place  of   smouliirr      Cwsk 

tthowi  when  a  long-radius  turn  is  required.      Nippi.k        Nipplk. 

In  addition  to  the  fittings  mentioned  there  can  be  had.  for 

ipporling  the  pipes  lo  side  walls,  hooks  and  hook-plates  with 

I  urved  or  straight  arms,  ringed  plate,  and  coil-stand,  as  desired. 


-H^  1  Xlfe^i^ 
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There  can  also  be  had  hangers  of  various  patterns  for  sup- 
porting and  holding  pipes  from  ceilings.  These  are  of  great 
variety  of  pattern,  and  are  made  so  that,  if  desired,  they  can  be 
put  on  after  the  piping  is  in  place. 

The  principal  standard  fittings  as  above  described  are  also 
made  of  brass. 


FlO,  70, — EXFANSIOH'PLATK, 


■CBCHMtfll^ 


Fic.  7a. — Coil-stands, 

Ceiling  and  Floor  Plates  9,\z  collars  used  to  hold  the  pipes 
in  place,  and  to  prevent  overheating  of  woodwork  by  the  steam 
or  hot  water.  These  are  often  made  in  halves,  which  may  be 
slipped  on  over  the  pipes,  and  are  fastened  to  the  woodwork 
by  screws,  thus  holding  the  pipe  in  position  and  keeping  it  from 
contact  with  wood. 

60.  Valves  and  Cocks.^Thc  fittings  used  for  the  purpose 
of  stopping  the  passages  in  pipes  are  operated  by  moving 
a  disk  across  the  pipe  with  or  without  rotation,  or  by  simply 
turning  through  an  angle.  The  first  class  have  been  generally 
called  valves,  the  second  cfffks. 

Valves  are  of  two  classes :  the  globe  valve  (Fig.  73),  which 
closes  an  opening  in  a  diaphragm  parallel  to  the  direction  of 
flow,  and  the  gale  valve  (Fig.  74),  which  closes  an  opening  a 
right  angles  to  the  pipe. 

The  globe  valve  forms  a  serious  obstruction,  since  any  fld 
in  passing   through  it  must   make  two   turns,  each  nearly 
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rfgftt  angle  ;  while  the  gale  valve  when  open  presents  little  or 
no  resistance. 


Fig.  73- 


Fio.  74.— Gate  Valvb. 


I  The  globe  valve  is  much  more  simple  in  construction  than 
the  gate  valve,  is  cheaper,  and  often  will  answer  all  require- 
ments for  steam-heating,  but  will  seldom  do  for  hot-water  heat- 
ing. It  should  be  set  so  that  the  valve  closes  against  the  flow  ; 
ivhen  set  in  the  opposite  way  accidents  might  happen — for  in- 
stance, if  the  valve  should  be  detached  from  the  stem  it  could 
not  be  opened,  although  the  stem  would  move  apparently  all 
right.  It  will  be  noted  that  the  diaphragm  of  the  globe  valve 
(ornis  an  obstruction  in  the  pipe,  which  extends  to  the  centre, 
and  if  the  stem  of  this  valve  be  set  vertical  when  used  for  a 
horizontal  pipe  it  is  likely  to  cause  the  pipe  to  stand  halt  full 
of  water.  Whenever  used  in  steam-heating,  on  a  horizontal 
pipe,  the  stem  should  be  placed  fn  a  horizontal  position,  so  that 
it  will  not  interfere  with  the  drainage  of  water  of  condensation 
from  the  pipe. 

The  construction  of  the  gate  valve  varies  in  detail  as  made 
by  different  manufacturers,  but  it  in  general  consists  of  a  gate 
which  is  moved  across  the  opening  in  the  pipe  by  turning  the 

Eien  the  gate  reaches  the  bottom  of  the  pipe  it  moves 
jflicieiit  to   bring   a   strong   pressure   on   the  seal. 


I30 
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I  These  valves  are  made  with  a  stem  which  rises  with  the  gate! 

I  as  shown  in  Fig.  74,  or  with  one  which  remains  in  one  position,r 
the  gate  travelling  up  the  stem.  This  latter  form  is  objectioii^fl 
able,  as  one  cannot  tell  by  looking,  whether  the  valve  is  opent 
or  closed. 

Globe  valves  are  made  with  a  solid  metallic  seat,  as  in  Fig.J 
73 ;  or  with  a  scat  made  of  soft  metal  or  packing,  as  In  Fig.  75,  f 
of  such  a  form  that  it  can  be  replaced  whenever  the  valveJ 
begins  to  leak. 


\ 


Fir..  75,— Globr  Valvr  wttii  DrsK  Seat,  Fro.  76.— ANfii.K  VAiVt 
Angle  Vahes  {Fig.  76)  are  made  in  the  same  general  way 
as  globe  valves,  except  that  the  openings  are  at  right  anghs  to 
eacli  other.  They  cause  a  sliglitly  greater  resistance  to  motion 
than  the  ordinary  elbow,  but  not  sufficient  to  prevent  their  usoi 
for  any  system  of  heating.  The  seats  are  either  metaUic  or 
soft  material,  which  can  be  removed. 

Slitffing-boxis. — In  all  classes  of  valves  a  cavity  is  left  arou 
tlie  stem,  which  must  be  filled  with  some  packing  material  by 
turning  back  a  cap-screw.  Hemp,  lamp-wicking,  asbestos  fibre, 
well  oiled  and.  if  possible,  covered  with  plumbago,  will  make 
satisfactory  packing  for  this  purpose.  Patent  ring  packing 
can  be  purchased,  usually  made  of  asbestos  fibre  soaked  in  oil, 
and  serves  an  excellent  purpose. 


on 


LKea  m  oil,       h 
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Radiat&r  Valves. — These  arc  forms  of  angle  valves  with 
I  fittings  making  them  especially  convenient  for  radiator  connec- 
Ittons,  being  plain  as  shown  in  Fig.  77  or  with  an  attached 
I  union  as  in  Fig.  78.     These  are  often  nickel-plated. 

Radiator  valves  can  be  had  with  pedal  attachment,  so  that 
Ithey  can  be  opened  or  closed  with  the  foot. 

The  various  kinds  of  valves  which  have  been  described  are 
I  made  with  sockets  for  screwed  connections  to  the  pipes,  or 
Ivith  flanges  which  are  to  be  bolted  to  similar  flanges  screwed 
I  on  the  pipes  .is  desired.  They  can  also  be  had,  especially  for 
I  the  larger  5i7.es.  with  either  brass  or  iron  bodies. 


R  Valvk.  Fig.  78.— Hot-watkr  Vai.ve. 

Crois  Valves. — A  form  of  angle  valve  with  one  supply  and 
^nd  two  opposite  discharge  openings  is  sometimes  convenient, 
■nd  is  termed  a  cross  valve.     (See  Fig,  83.) 

Comer   Valves,   in   which   the   openings  ^are  at   the   same 

^el  but  at  right  angles,  can  be  purchased  if  desired. 

Cocki. — A  plug,  slightly  conical,  provided  with  one  or  more 

k)orl<:  or  holes  through  it,  and  arranged  so  that  it  can  be  turned 

Bn  any  direction,  is  termed  a  £ock.     When  there  is  but  a  single 

pa\e  it   is  called  a   plain  cock.     When  two  or  more  holes  at 

tngtes  to  each  other,  it  is  called  a  two-way  or  three-way  cock, 

tance  water  can  be  directed  in  two  or  more  directions  by  vaiy- 

«g  the  angle  through  which  the  plug  is  turned.     Cocks  are 

y  little  used  in  steam-heating  ;  as  ordinarily  made  they  are 

kpt  to  leak,  and,  besides,  do  not  provide  a  full  opening  for  the 
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Improved  cucks  with  larger  openings  and  with  packed  ends 
are  now  much  used  on  the  blow-off  pipes 
from  boilers,  and  are  for  this  purpose  su- 
perior to  valves. 

Quick-opening  valves  (Fig.  79)  for  use 
on  hot-water  pipes  are  often  made  on  the 
same  plan  as  cocks,  and  do  excellent  ser- 
vice in  these  places. 

Check  r  fl/j'f J.— Where  it  is  necessary 
that  the  flow  should  always  take  place  in 
the  same  direction  and  there  is  danger  of 
a  reverse  flow,  check  valve*  are  employed.. 
These  are  usually  of  a  similar  pattern  ti 
the  globe  valve,  the  seat  being  at  righl 
angles  to  the  direction  of  flow,  with' 
either  a  flat  or  ball  valve  (Figs.  80.  81). 
*'rao?7o'^''v^''v'^^'""*^^"  this  class  the   valve   is   held    in  place 

Hot  WATER.  by  its  own  weight   or   by  the  weight 

the  fluid   in  case  of  reverse    flow.     They  are  made  for  hoi 
zontal    pipes,  vertical   pipes,    or   angles.     One  known  as  thi 
swinging-check  valve,  in  which  the  seat  is  at  an  angle  of  about 
45  degrees  to  the  direction  of  flow  (Fig.  82),  offers  less  resist- 
ance to  the  fluid,  and  is  generally  to  be  preferred. 

61.  Air-valves.— It  is  necessary  to  provide  means  for  allow- 
ing the  air  to  escape  in  systems  of  steam  and  hot-water  heatinj 
Air  is  heavier  than  steam,  and  although  it  will  mix  with  it  t< 
a  great  extent,  it  will  finally  settle  at  or  near  the  bottom 
of  a  radiator  or  pipe  filled  with  steam.  Air  is,  however, 
much  lighter  than  water,  and  it  will  gather  in  any  bends 
that  are  convex  upward  and  in  the  upper  part  of  radiatoi 
filled  with  water,  and  unless  removed  it  will  prevent  the  circi 
lation. 

For  removal  of  the  air  several  forms  of  valves  and  cocks 
have  been  especially  manufactured.  These  are  usually  made 
of  ^  or  i-inch  pipe  size,  and  vary  in  quality  and  design  from 
the  simplest  valve  to  be  opened  by  hand  to  a  complicated  auto- 
matic pattern,  which  permits  the  escape  of  air,  but  not  of  water 
or  steam. 

One  of  the  simplest  patterns  of  air-vaives  is  shown  in  Fi 
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Fig.  Ho.— HoBiiONTAL     Fic.  81— HoRiiONTAL  Fig.  83.— Swinging 

Check  with  Ball  Check  Valvb.  Check. 

Clack, 


I 


loriionu]  Check  Valve.  Angle  Cbeck  Valve.     Verl>i:il  Check.  Sleam  Cack. 


H«[Hn«L.n  ot  Slip  Joini.  Sleam  C«l 

Fits,  93.— PttlNCH-AL  Valves  amd  Stops  used  in  Hi 


134 


HEATING   AND    VENTiLATiXC   BUILDINGS. 


\  84.     This  can  be  had  with  a  bibb  if  desired,  also  with  various  | 
forms  of  handles  or  keys,  and  with  nickel  or  brass  finish. 

Automatic  air-valves  are  made  of  a  great  variety  of  pat-  1 

[  terns.     Those  tor  steam -radiators  are  all  closed  by  the  expan- 

[  sion  of  some  material.     Fig.  85  shows  an  expansion  air-valve, 

which  the   valve  is  closed  by  the   expansion  of   a  curved 

metallic  strip.     The  valve  will  remain  open  until  this  curved 


Fio.  87.- 


strip  becomes  nearly  equal  in  its  temperature  to  that  of  the 
steam ;  the  heat  then  increases  its  length  and  it  bends  out 
sufficiently  to  close  the  valve.  A  drip-pipe  is  provided  for  re- 
moving  any  water  of  condensation  escaping  from  the  air-valve. 
Another  form,  which  has  in  the  past  been  extensively  used. 
is  shown  in  Fig.  86.  In  this  case  the  interior  tube  .-J  is  heated 
more  than  the  frame  bb ;  this  serves  to  press  the  valve  c  against 
the  end  of  the  tube  when  it  is  heated,  thus  closing  the  orifice. 
This  is  best  adapted  for  use  in  a  vertical  position. 


^ 
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A  form  of  air-valve  now  in  extensive  use  is  shown  in  Fig. 
87,  In  this  a  composite  material  which  expands  rapidly  when 
heated  is  used  instead  of  metal.  It  is  claimed  for  some  of 
these  valves  that  with  suitable  adjustment  of  the  top  screw  the 
itmperature  of  the  radiator  will  be  automatically  maintained  > 
at  any  desired  point — a  mixture  in  any  required  proporiion  of 
air  and  steam  being  maintained  in  the  radiator  by  this  action. 

To  prevent  escape  of  water  and  injury  to  furniture  a  radia-] 
tor-valve  with  a  float  attachment  is  often  used,  as  show 
Fig.  88.     The  valve  is  closed  when  heated,  as  in  Fig.  87,  by 
the  expansion  of  a  composite  substance :  it  is  connected  to  a  l 
float,  so  that  if  water  passes  into  the  air-valve  the  Hoat  will  J 
rise  and  close  the  orifice  regardless  of  the  temperature. 


An  automatic  air-valve  for  hot-water  radiators  is  shown  i 
the  sketch,  Ftg-  89.     The  air   escapes  at  A,  the  orifice  being 
closed  by  the  float  /^acting  on  the  lever  L.     So  long  as  only 
lUnds  the  float  it  sinks  and  keeps  the  orifice  open,  but^ 


FlO.  90. — FLANOK.D    Exi 


as  soon  as  water  surrounds  it  il  rises  and  closes  the  orifice. 

62.  Expansion-joints. — Ifi  the  erection  of  any  system  of  ' 
piping  means  must  t'e  provided  so  that  the  elongation  of  the 
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pipe  due  to  expansion  will  not  cause  a  leak.*  For  all  ordinary 
purposes  of  heating  the  expansion  can  be  provided  for  by  the 
use  of  elbows  and  right-angled,  offsets,  of  such  length  that  the 
expansion  will  simply  cause  one  pipe  to  slightly  unscrew  in  one 
or  more  joints.  This  requires  the  use  of  two  or  three  elbows, 
and  so  causes  a  slight  increase  of  resistance  to  flow  due  to  fric- 
tion ;  but  it  is  a  very  satisfactory  arrangement,  and  will  stand 
for  years  without  developing  leaks,  even  with  high-pressure 
steam,  if  properly  erected. 

It  is  sometimes  necessary  to  provide  for  expansion  in  a 
long  line  of  straight  pipe,  in  which  case  expansion-joints  of 
some  kind  must  be  used.  The  ordinary  expansion-joint,  Fig. 
90,  consists  of  a  sleeve  sliding  into  an  exterior  pipe,  provided 
with  a  stuffing-box.  This  joint,  when  heavy  and  provided 
with  a  catch  to  prevent  it  pulling  apart,  is  a  very  durable  and 
satisfactory  construction.  The  packing  will  have  to  be  renewed 
occasionally,  and  one  part  needs  to  be  solidly  anchored  to 
prevent  motion. 

Expansion-joints  are  often  used  constructed  of  copper  pipe 
in  form  of  a  U-shaped  bend ;  also  of  one 
more  diaphragms  connected  to  each  other 
at  the  edges  and  to  the  pipes  near  the  centre 
,  (Fig.91).  The  copper  bend  is  always  satis- 
factory.  The  last-named  device  works  very 
well  if  means  can  be  adopted  to  thoroughly 
drain  off  any  water  lodging  against  the  dia- 
phragm. If  used  in  a  horizontal  position, 
Elastic  Coupling.  ^^^  ^^  large  pipes  it  is  likely  to  gather 
sufficient  moisture  to  form  a  water-hammer  that  may  produce 
rupture  when  steam  is  turned  on. 

•  The  expansion  o(  irun  is  one  part  in  148,000  of  length  per  degree.  This  is 
equivalent  to  about  1. 45  inches  per  i(X)  feet  in  changing  from  temperature  of 
freezing  to  bcitiog. 
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63.  latroduction. — The  amoi 
through  various  kinds  of  radiating  surface  is  determined 
largely  by  experiment,  and  has  been  fully  discussed  in  Chapter 
IV.  In  this  chapter  we  will  consider  briefly  the  methods  of 
construction. 

When  steam  and  hot  water-heating  were  first  employed  the 
radiating  surface  consisted  almost  entirely  of  cast-iron  pipe  ar- 
ranged in  horizontal  lines,  as  shown  in  Fig.  35,  page  88. 
With  the  invention  and  use  of  wrought-iron  pipe,  cast-iron  pipe 
was  superseded  by  coils  of  this  pipe,  and  at  a  somewhat  later 
daylai^ely  by  the  radiator  with  vertical  surfaces  made  either  of 
Cist  or  wrought  iron.  The  change  from  pipe  surfaces  to  radi- 
ators was,  no  doubt,  largely  due  to  the  attempt  to  economize 
space  in  the  room,  as  well  as  to  improve  the  appearance. 

64.  Radiating  Surface  of  Pipe. — Very  efficient  radiating 
surfaces  can  be  made  of  coils  of  piping  arranged  as  shown  in 
Figs.  92  and  93.  The  return-bend  coil  shown  in  Fig.  92  is 
made  by  connecting  return-bends,  Fig.  61,  p.  126,  with  lines  of 
straight  pipe.  The  pipe  mostly  used  is  one  inch  in  diameter, 
although,  when  the  bends  are  numerous,  ij-  or  2-inch  pipe 
should  be  used  to  reduce  the  friction.  In  use  the  flow  is  con- 
tinuous, the  fluid  entering  at  tlie  top  and  thence  with  a  gradual 
descent  flowing  to  the  right  and  left  alternately,  finally  dis- 
charging at  the  bottom.  There  is  a  great  deal  of  frJctioi 
coils  of  this  class,  and  air  is  likely  to  gather  in  the  bends  and 
stop  circulation.  The  writer  would,  therefore,  recommend  that 
they  be  employed  only  when  other  forms  will  not  answer. 

The  branch-tee  or  manifold  coil  is  constructed  by  connect- 
ing branch-tees  with  parallel  lines  of  pipe.  In  each  pipe -line 
one  or  more  elbows  must  be  placed  to  counteract  the  effect 
of  unequal  expansion. 


I 
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The  coil  may  be  arranged  on  a  flat  wall-surface  so  as 
form  a  mitre  branch-tec  coil  as  in  Fig.  93,  lower  part,  or  w 
both  branch-Ices  at  one  end  and  elbows  and  nipples  at  tb| 
opposite  end  ;  the  fitti;igs  at  ends  being  connected  by  pipes  hai 
ing  the  proper  pitch.  Such  a  construction  is  called  a  retn\ 
branch-tee  coil,  see  upper  part  Fig.  93.  The  coil  may  be  ai 
ranged  on  two  sides  of  a  room  with  the  elbows  placed  in  th 
intervening  corner,  in  which  case  it  is  called  a  corner  evil. 

The  various  types  of  branch-tee  or  manifold  coils  as  de- 
scribed present  small  frictional  resistance  to  the  flow  of  steam 
or  water  and  give  satisfactory  service  for  either  steam  or  hot- 
water  heating. 


% 


Fig.  g3. 

If  two  coimections  are  used  the  steam  should  be  supplied 
at  the  highest  point  of  the  coil,  and  the  return  taken  off  at 
the  lowest;  if  one  connection,  steam  is  to  be  supplied  ata 
the  lowest  point.     The  horizontal  portion  should  be  given  i 
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pitch  of  one  inch  in  ten  or  twelve  feet,  and  an  air  valve  or  cock 
_-lioul(J  be  connected  to  each  coil.  When  several  rciurn-bend 
coils  arc  grouped  together,  as  in  Fig.  94,  the  construction  is 
termed  a  box  coil.  This  has  all  the  faults  in  an  aggravated 
manner  that  were  ascribed  to  the  return-bend  coil,  and  in  addi- 
tion causes  a  loss  of  efficiency  due  to  close  grouping  of  surface. 


The  pipe  coils.  Figs.  92  to  94,  will  do  equally  well  for  steam 
or  hot-water  circulation. 

65.  Vertical  Pipe  Steam-radiators.— These  were  at  one 
time  used  extensively,  and  were  made  by  screwing  short  pieces 
of  vertical  pipe  into  a  cast-iron  base  and  connecting  the  pipes 
in  pairs  at  the  top  with  return-bends,  which  were  usually 
screwed  but  sometimes  pressed  on.  One  form  still  in  extensive 
use  was  made  by  screwing  pipes,  liaving  the  upper  end  closed 
and  provided  with  an  internal  diaphragm,  into  a  cast-iron  base. 
The  diaphragm  being  so  placed  as  to  produce  the  same  circula- 

fn  in  one  pipe  that  was  obtained  in  two  pipes  with  the  other 
m. 
The  pipes  are  arranged  in  two  or  more  rows  as  necessary 
secure  the  desired  radiating  surface.  In  early  radiators  of 
this  class  the  base  was  provided  with  a  diaphragm,  and  each 
return-pipe  was  trapped  by  a  cavity  filled  with  water  so  as  to 
insure  a  continuous  circulation  of  the  steam  through  each  pipe. 
In  some  of  the  recent  radiators  the  return-pipes  are  trapped 
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as  explained  above  ;  but  in  nearly  every  case  the  base  is  entirely 
open  and  arranged  so  that  it  will  drain  freely,  no  attempt  being 
made  to  force  circulation  in  any  direction.  In  some  of  the 
recent  radiators  of  this  type  the  base,  instead  of  being  in  one 
piece,  is  made  up  of  sections  connected  by  nipples,  so  that 
it  can  be  lengthened 
or  shortened  at  pleas- 
ure. An  air-valve  must 
always  be  provided 
with  these  radiators, 
the  best  location  for 
which  is  at  about  one 
third  the  height  of  the 
radiator,  and  on  the 
end  opposite  the  ad- 
mission. 

The  wrought  -  iron 

radiator  is  constructed 

ill  nearly  every  case  of 

one-inch     pipe,    taken 

i-J  of    such   length    that 

there     is    one    square 

footof  exposed  radiat- 

Fic.  gs— Ptpe  RADiAroR.  j^g   surface    for   each 

pipe  in  the  radiator.     The  form  being  quite  regular  its  surface 

can  be  accurately  measured. 

66.  Cast-iron  Steam-radiators. — Cast-iron  radiators  are 
now  mostly  used  in  direct  healing. 

Those  principally  used  have  vertical  ■.■adiating  surfaces,  and 
are  made  either  by  screwing  loops  or  sections  into  a  hollow 
base  provided  with  the  requisite  openings,  or  by  connecting 
at  the  bottom  a  series  of  parallel  vertical  sections  by  nipples 
screwed  from  the  outside  or  inside  of  the  base.     The  first  form 

?'f  radiators,  having  a  base  of  fixed  dimensions,  is  often  called 
he  standard  form;  the  latter,  which  can  be  increased  or 
diminished  in  length  by  adding  or  taking  off  sections,  is  called 
a  sectional  radiator. 

The  radiator  is  in  some  instances  provided  with  a  flat  top 
which  is  held  in  place  by  screws,  but  the  greater  portion  of 
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those  of  recent  design  have  a  higiily  o 
are  used  without  top  or  screen  of 
any  desctiption.  The  illustra- 
tions. Figs,  93  to  lo6,  give  a  very 
(air  idea  of  the  appearance  of 
those  in  use.  They  are  painted 
m  various  colors,  enamelled  or 
bronzed,  as  may  be  required  by 
the  house  owners  or  architects. 

The  efficiency  of  direct  radia- 
tion is  somewhat  increased  by 
painting  or  bronzing,  but  is  les- 
sened by  varnishing  or  enam- 
elling; but  that  of  indirect  is  not 
so  aRected. 

These  radiators  are  made  in 
treat  variety  of  forms,  and  can 
be  had  of  such  stiape  as  to  sur- 
round columns,  or  fit  in  corners; 
and  of  almost  any  height  de- 
sired. Some  of  the  radiators 
are  fitted  with  warming  closets. 
(Sec  Fig.  98,*  frontispiece,  for  illustrati 


yio.  Q7.— Sectional  Radiatok.         Fig.  91^.— Csfscest  Flue  Radiatok. 
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The  sectional  radiators  are  in  many  cases  built  in  such  a 
manner  as  to  form  flues  for  the  passage  of  air  from  the  bottom 
to  the  top  of  the  radiator  for  the  purpose  of  increasing  the  air- 
heating  capacity.  Such  radiators  are  termed  Jiue  raiiiatot 
(Fig.  99). 


Radiators  are  sometimes  built  with  projecting  fins  or  orna- 
ments of  cast  iron  for  the  purpose  of  greatly  extending  the 
surface  in  contact  with  the  air.  Such  a  radiator  is  termed  an 
extended  surface  ratiiator,  and  is  now  Httle  used  for  direct  heat- 
ing (Fig.  loo). 

The  radiators  in  principal  use  are  constructed  as  described, 
but  radiators  have  been  built  by  many  other  methods  and  in 
many  other  shapes,  Th^y  have  been  constructed  of  one  solid 
casting,  and  by  uniting  sections  of  various  forms  by  bolts  and 
packed  joints. 

67.  Hot-water  Radiators. — Hot-water  radiators  differ 
essentially  from  the  steam-radiators  in  having  a  horizontal 
passage  at  the  lop  as  well  as  at  the  bottom.  This  construction 
is  necessary  in  order  to  draw  off  the  air  which  gathers  at  the  top 
of  each  loop  or  section.  Aside  from  this  the  construction  may 
be  the  same  in  every  particular  as  that  for  steam-radiators; 


diators;  l^^l 


RaDJATOKS   A.\U   UBATl.VC   Sl'UFACEi..  143 

neral  the  hot-water  radiator  will  be  found  well  adapted  for 


drculation,  being  in  some  resperts  superior  to  the 
tltnary  form. 
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Many  of  the  hot-water  radiators,  as  shown  in  Fig.  lOl, 
are  made  with  an  opening  at  the  top 
for  the  entrance  of  water  and  at  the 
bottom  for  its  discharge,  thus  insuring 
a  supply  of  hot  water  at  the  top  and  of 
colder  water  at  the  bottom. 

Some  of  the  hot-water  radiators  are 
constructed  with  a  cross-partition  so  that 
all  water  entering  passes  at  once  to  the 
top.  from  which  it  may  take  any  passage 
toward  the  outlet. 

The  hot-water  radiator,  is  however. 
Pic.  103."— ElAotAToas  usually  made  with  continuous  passages 
at  top  and  bottom,  and  the  warm  water  is 
supplied  at  one  side  and  drawn  off  on 
the  other,  as  shown  in  higs.  102  and  105  (right  hand).  The 
action  of  gravity  is  depended  on  for  making  the  hot  and  lighter 
water  pass  to  the  Cop  and  the  cold  water  to  sink  to  the  bottoia 
and  flow  off  in  the  return. 


H  Connections, 


Fic.  104.— Sectioni 


Hot-water  radiators  are  also  made  by  joining  verticj 
pipe  sections  with  nipples  at  top  and  bottom,  as  shown  i 
Fig.  106. 


lime  and  Venlilaling  of  Res 
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68.  Direct-indirect  Radiators.— Radiators  arranged  with 
a  damper  under  the  bast  and  located  so  tliat  air  from  the  out- 


Fin.  107. 


side  will  pass  over  the  heating  surface  before  entering  the  room 
are  often  used  to  improve  the  ventilation.  The  surface  of  these 
radiators  should  be  about  25  per  cent  greater  than  that  of  a 
direct  radiator  tor  heating  the  same  space.  The  styles  and 
kinds  either  for  steam  or  hot  water  are  the  same  as  the  direct. 
69,  Indirect  Heaters. — Radiators  which  are  employed 
to  heat  the  air  of  a  room  In  a  passage  or  flue  which  supplies 
air  are  termed  indirect.  These  heaters  are  made  in  various^ 
forms,  either  of  pipe  arranged  in  return  bend  or  in  manifold  coil 
as  in  Fig-  93.  or  of  cast-iron  sections  of  various  forms  unib 
in  different  ways.  When  cast-iron  surfaces  are  used,  they  ai 
generally  covered  with  projections  like  the  extended  surface 
radiator.  The  sections,  or,  as  they  are  sometimes  called,  the 
stacks  for  indirect  heating,  are  usually  held  together  by  bolts. 
The  joints  being  formed  by  inserting  packing  between  faced 
surfaces.  The  sections  are  sometimes  united  by  nipples  screwed 
into  branch-tees  above  and  betow,  as  shown  in  Fig.  109, 
is  an  excellent  form  for  hot-water  circulation. 


9,  whtc^_ 
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Indirect  radiators  should  be  placed  in  a  chamber  or  box  as 


vnearly  as  po<;sible  nt  the   foot  o(  a  vcrti 
oom  to  be  heated,  ^^^ 

Air  is  admitted  through  jBBPI pU^tLlirL 
a  passage  from  the  out- 
side provided  with  suit. 
able  dampers  to  a  point 
beneath  the  indirect 
I  stacks.  n  is  taken  off 
^ncrally  on  the  opposite 
side,  and  directly  into  the 
flue  leading  into  the  room 
to  be  heated. 

The  chamber  surround- 
\  Jng  the  indirect  radi- 
Lator  is    usually    built    of 

I  casiag  of  matched  wood,  as  in  Fig. 


\ 
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pended  from  the  ceiling  of  the  basement,  and  lined  inside  with 
bright  tin;   but  a  small  chamber 
of   masonry  at  the  bottom    of    a 
flue  is  a  better  and  more  durable 
construction.      The    flue    leading 
from  the  chamber  is  of  masonrj- 
L  or  galvanized  iron  ;  that   supply- 
ing the  cold  air,  of  matched  wood 
I  and  sheet  iron.    There  should  be  a 
I  door  in  the  chamber  so  that  the  in- 
I  direct  heater  can  be  examined  and 
I  cleaned  when  required.    It  isofiei 
j  of    advantage   to  have  a    passaj 
t  and  deflecting  damper  so  arrangi 
p  that    air  can   be    drawn    into    the" 


1 


room     for    ventilation     without 
passing  over  the  heater. 

The  registers  for  admitting 
the  heated  air  into  the  rooms 
can  be  located  as  desired,  either 

the   walls   or   the   floor ;     for 
ventilation   purposes  it  is  prefer- 
able  to  admit  the  air   near  the  \ 
ceiling,  and  as  shown  in  Fig.  1  13. 

The  size  of  registers  and  air- 
flue  will  be  given  in  Chapter 
XIII. 

Setting  of  Indirect  Heaters.- 
The  indirect  heating-surface  Js  ] 
supported  usually  by  bars  of  iron 
or  pieces  of  pipe  held  in  place  by 
hangers  fastened  at  the  ceiling 
(Fig.  1 1 1),  This  heater  should  be 
set  so  as  to  give  room   for  the 

freest  possible  circulation  of  air,  and  so  that  all  parts  will  be  a 
least  ten  inches  from  top  or  bottom  of  casing,  and  arranged  4 
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that  no  air  can  pass  into  rooms  without  being  warmed.  An 
automatic  air-vaivc  should  be  used  to  remove  the  air  from 
the  sections  of  the  heater. 

If  the  sections  are  of  proper  form,  one  connection  will  be 
sufficient  for  steam  ;  but  in  nearly  every  case  two  connections, 
one  for  the  supply  and  one  for  the  discharge,  wiU  be  re- 
quired for  water  circulation. 

70.  Proportions  of  Parts  of  Radiators.— There  is  great 
difference  regarding  the  relative  volume  of  radiators  of  differ- 
ent make  as  compared  with  the  surface;  but  the  practice  is 
quite  uniform  as  regards  the  sizes  of  supply-pipes  for  either 
steiim  or  hot  water.  Because  of  the  high  efficiency  of  a  radiat- 
ing surface  formeii  of  one-inch  horizontal  pipe,  it  has  been 
argued  that  this  should  form  a  standard  for  relation  of  contents 
to  surface.  It  is  seen,  however,  by  consulting  the  tests  given 
in  Chapter  IV,  that  inch-pipe  vertical  radiators  are  not  more 
efficient  than  cast-iron  radiators  with  larger  volume ;  so  that 
it  is  doubtful  if  the  relative  ratio  of  volume  to  surface  is  of 
importance. 

It  is  of  importance  that  the  steam  or  water  should  circulate 
through  the  radiators  with  the  least  possible  friction,  and  that 
in  the  case  of  steam. radiators  the  base  should  be  of  such  a  form 
as  to  perfectly  drain  ;  otherwise  the  water  which  remains  in  will 

certain  to  cause  the  disagreeable  noise  and  pounding  known 

water-hammer. 

The  following  table  gives  the  standards  which  are  almost  uni- 
versally adopted  by  the  different  makers  for  the  size  of  inlet 
and  outlet  to  the  direct  radiators;  those  for  indirects  arc  to  be 
ikcn  one  size  larger : 


Site  al  RidiUor, 
Sq.F.. 

DUoiclcr  of  openings,                       1 

Two  OpeDioK*. 

One  OpenioK. 

50  to  115 
115  to  100 
3ooto  yxi 

I  inch. 

II  inches. 
■  1 

li  inches. 

CHAPTER  VII. 

STEAM-HEATING  BOILERS  AND   HOT-WATER   HEATERS. 

71.  General  Properties  of  Steam— Explanation  of  Steam- 
tables. — Steam  has  certain  definite  properties  which  always 
pertain  to  it  and  distinguish  it  from  the  vapor  of  other  liquids 
than  water. 

Steam,  at  any  given  pressure  above  a  vacuum,  possesses  a 
definite  temperature.  The  atmospheric  pressure  is  different  at 
different  localities  and  for  different  conditions  of  the  weather, 
thus  causing  slight  changes  in  temperature  of  the  boiling-point. 
The  pressure  which  is  read  by  any  steam-gauge  is  that  in 
excess  of  the  atmosphere  ;  the  pressure  which  is  given  in  the 
steam-tables  is  that  ivhich  is  reckoned  from  a  perfect  vacunm, 
and  is  usually  called  absolute  ;  hence,  in  order  to  use  the  steam- 
table  which  is  given  in  the  back  of  the  book,  the  pressure  as 
determined  by  a  steam-gauge  reading  must  be  increased  by 
the  atmospheric  pressure.  The  atmospheric  pressure  is  given 
accurately  by  a  barometer,  but  it  will  be  sufficiently  accurate, 
for  most  cases,  to  consider  it  as  14.7  pounds.  To  use  the 
table  add  this  quantity  to  the  gauge-reading  and  the  result 
will  be  the  absolute  pressure.  For  approximate  purposes  the 
atmospheric  pressure  may  be  considered  as  15  pounds.  The 
steam-tables  referred  to  give,  in  the  first  column,  the  pressure 
above  a  vacuum  ;  in  the  second  column,  the  temperature  Fahr- 
enheit ;  in  the  third,  the  heat,  expressed  in  heat-units,  required 
to  raise  one  pound  of  water  from  zero  Fahrenheit  to  the  re- 
quired temperature.  If  the  specific  heat  of  water  were  unity 
at  all  temperatures,  the  heat  contained  in  one  pound  of  water 
would  be  numerically  the  same  as  the  temperature.  The 
difference  is  not  great  in  any  case. 

The  fourth  column  gives  the  value  in  heat-units  of  the  la- 
tent heat  of  evaporation  for  each  pound  of  steam.     This  quan- 
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ttty  expresses  the  amount  of  heat  which  is  stored,  witl 
change  oi  temperature  or  pressure,  during  tlic  pliysical  change  1 
of  condition  from  water  to  steam  ;  and  it  has  been  termed 
latent  because  it  cannot  be  measured  by  a  thermometer  (see 
Art.  13,  page  15).  It  wilt  be  noted  that  this  quantity  is  rela- 
tively large  as  compared  witli  the  sensible  heat.  It  is  of  im- 
portance, since  it  expresses  the  amount  of  heat  which  is  con- 
tained in  one  pound  of  steam  in  excess  of  that  in  one  pound  of  I 
water  at  the  same  temperature. 

The   fiftli   column    gives  the  total  heat   contained  in  one  1 
pound  of  steam  ;  this  is  the  sum  of  the  sensible  and  latent  heat.  ■ 

The  sixth  column  gives  the  weight  in  pounds  of  one  cubic 
foot  of  steam  for  various  pressures.  In  many  instances  steam- 
tables  arc  arranged  so  as  to  give  the  heat  in  one  pound  of 
steam  above  32°  Fahr.,  the  freezing-point  of  water,  instead  of 
above  Ecro. 

It  should  be  noted  that  the  temperature  of  steam  corre- 
sponding to  different  pressures,  as  given  in  column  (3),  is  also 
(he  boiling-point  of  water  corresponding  to  the  same  pressure. 

As  the  temperature  and  absolute  pressure  of  steam  al- 
ways bear  definite  relation  to  each  other,  it  is  quite  evident 
that  a  steam-table  couid  be  arranged  giving  the  properties  of 
steam  from  measurements  of  temperature.  This  is  generally 
not  so  convenient  as  the  present  arrangement.  If  tempera- 
tures are  known,  the  corresponding  pressure  can  be  determined 
by  inspection  and  interpolation  in  the  present  table. 

72.  General  Requisites  of  Steam-boilers.— The  steam- 
boiler  is  a  closed  vessel,  which  must  possess  sufficient  strength 
to  withstand  the  pressure  to  which  it  may  be  subjected  in  use; 
but  it  may  have  almost  any  form,  and  may  be  constructed  of 
various  materials. 

It  is  used  in  connection  with  a  furnace,  from  which  the  heat 
required  for  evaporation  is  obtained  by  combustion  of  fuel. 
The  heat  is  received  on  the  surface  of  the  boiler,  and  passes 
by  conduction  through  the  metallic  walls  to  the  water  or 
steam.  The  surface  which  receives  this  heat  is  called  heating 
surface,  and  is  partly  situated  so  as  to  receive  the  direct  or 
radiant  heat,  and  partly  located  so  as  to  receive  the  convected 
or  indirect  heat  from  the  gases  only.     The  heating  surface  in 
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most  modern  boilers  is  made  relatively  great,  as  compared  with 
the  cubic  contents,  by  the  use  of  tubes  containing  water  or 
heated  gases,  or  by  subdividing  the  boiler  so  as  to  make  the 
surface  large  with  respect  to  the  cubic  contents  and  weight. 
The  steam  generated  rises  in  the  shape  of  bubbles  through 
the  water  in  the  lower  part  of  the  boiler,  and  is  liberated 
from  the  surface  of  the  water  at  the  water-line. 

The  power  of  the  boiler  depends  upon  the  amount  and 
form  of  heating  surface,  upon  its  capacity  for  holding  water 
,  and  steam,  and  upon  the  extent  of  fire-grate  surface.  Its 
economy  depends  upon  the  relative  proportions  of  these,  and 
the  character  and  amount  of  fuel  burned.  Its  ability  to  pro- 
duce dry  steam  depends  upon  the  circulation  of  its  liquid 
contents,  and  also  upon  the  extent  of  surface  at  the  water-line. 

For  safety,  the  boiler  must  be  provided  with  safety-valve, 
pressure  and  water  gauges.  For  convenience  automatic 
damper-regulators,  water-feeding  apparatus,  etc.,  are  desirable. 

73.  Boiler  Horse-power. — As  a  boiler  performs  no  actual 
work,  but  simply  provides  steam  for  such  purposes,  a  boiler 
horse-power  is  entirely  an  arbitrary  quantity,  and  may  be 
transformed  into  a  lesser  or  greater  amount  of  work,  as  the 
character  of  the  engine  which  uses  the  steam  varies. 

The  standard  established  by  the  Committee  of  Judges  at 
the  Centennial  Exhibition  in  1876  as  a  boiler  horse-power  has 
been  universally  adopted,  and  would,  no  doubt,  in  absence 
of  other  stipulations,  constitute  a  legal  standard  of  capacity. 
This  committee  defined  a  boiler  horse-power  as  the  evapora- 
tion of  30  pounds  of  water  from  feed-water  at  100°  Fahr.  into 
steam  at  70  pounds  pressure ;  this  is  equivalent  to  the  evapo- 
ration of  34.5  pounds  of  water  from  a  temperature  of  212'' 
Fahr.  into  steam  at  atmospheric  pressure.*  Engines  require 
from  12  to  40  pounds  of  steam  per  horse-power  per  hour, 
depending  upon  the  grade  or  class  to  which  they  belong ; 
hence  the  steam  required  to  perform  one  horse-power  of 
work  in  an  engine  bears  no  definite  relation  to  a  boiler  horse- 
power. 


■•'The  condition  of  evaporating  from  water  at  212*  into  steam  at  the 
same  temperature  will  be  referred  to  hereafter  as  evaporation,  without  other 
qualification. 
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Since  the  evaporation  of  one  pound  of  water  from  and  at 
212°  Fahr,  requires  g66  heat-units,  one  boiler  horsc-power  is 
equivalent  to  H.izy  heat  units. 

For  beating  purposes  a  more  convenient  standard  of  power 
is  the  square  foot  of  radiating  surface,  Eacb  square  foot 
of  direct  steam-radiating  surface  gives  off  27010  330  heat-units 
per  hour  when  the  difference  of  temperature  is  150  degrees  (see 
Art.  51),  which  is  that  usually  existing  in  low-pressure  steam- 
heating.  About  two  thirds  as  much  is  given  off  by  one  square 
foot  of  hot-water  radiating  surface.  As  the  evaporation  of  one 
pound  of  water  requires  966  heat-units,  there  is  needed  about 
one  third  of  a  pound  of  steam  for  each  square  foot  of  steam- 
radiating  surface  per  hour,  lience  one  boiler  horse-power  will  be 
sufficient  to  supply  somewhat  more  than  100  square  feet  of 
direct  radiating  surface;  that  is,  we  can  consider  the  boiler 
horse-power  as  equivalent  to  100  square  feet  of  direct  steam 
radiation,  with  sufficient  allowance  to  meet  ordinary  losses. 

74.  Relative  Proportions  of  Heating  to  Grate  Surface. — 
The  relative  amount  of  grate  surface  and  healing  surface  re- 
quired in  a  steam-boiler  depends,  to  a  large  extent,  upon  the 
nature  and  amount  of  coal  burned  per  unit  of  time.  That  part 
of  the  heating  surface  which  is  close  to  the  fire  and  receives 
directly  the  radiant  heat  is  much  more  eflectivethan  that  which 
is  heated  by  contact  with  hot  gases  only  ;  but  it  will  be  found 
that  considerable  indirect  heating  surface  will  in  every  case 
be  required,  in  order  to  prevent  excessive  waste  of  heat  in  the 
chimney.  Power-boilers  have  been  rated  for  a  long  time  not 
on  their  actual  capacity,  but  on  the  amount  of  heating  surface  ; 
and  this  would  seem  to  be  a  fair  standard  of  rating  for  heating- 
boilers.  It  is  the  general  practice  to  consider  lo  square  feet 
of  heating  surface  in  water-tube  boilers  or  t5  square  feet  in 
plain  tubular  boilers  as  equivalent  to  one  horse-power. 

The  actual  power  of  the  boiler  depends  more  upon  the 
method  and  management  of  the  fires  than  upon  the  size  ;  and 
either  of  the  above  classes  of  boilers  can  be  made  to  develop 
under  favorable  circumstances  from  two  lo  three  times  the 
capacity  for  which  they  are  rated. 

A  rating  of  15  sq.  ft.  of  heating  surface  to  one  horse-power 
requires  an  evaporation  of  2.3  lbs.  of  water  per  square  foot  of 
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heating  surface  per  hour,  and  a  rating  of  11.5  sq.  ft.  per  horse- 
power  requires  an  evaporation  of  3  lbs.  Experience  for  a 
number  of  years  with  power-boilers — 20  horse-power  and  larger 
— indicates  these  proportions  to  be  safe  ones  and  to  result  in 
durable  construction.  With  the  small  boilers  often  used  in 
house-heating  the  waste  due  to  loss  of  heat  from  the  heating 
surfaces,  imperfect  combustion,  and  bad  management  generally 
are  much  greater,  so  that  it  is  necessary  to  use  boilers  some- 
what larger  than  would  be  required  by  the  data  given. 

The  house-heating  boiler,  however,  under  best  condition  of 
management  and  draft  will  give,  as  shown  by  actual  test,  re- 
sults approximating  very  closely  to  those  obtained  with  the 
power  boiler  under  best  conditions.  In  the  ordinary  manage- 
ment  of  heating  boilers  the  principal  loss  is  due  to  operating 
with  an  insufficient  supply  of  air,  hence  to  secure  best  results 
the  draft  should  be  so  arranged  that  whenever  the  air  supply 
below  the  grate  is  reduced  an  amount  sufficient  to  prevent 
perfect  combustion,  air  should  be  admitted  above  the  fire. 

With  perfect  combustion  and  no  waste  of  heat,  one  pound 
of  pure  carbon  would  evaporate  about  15  pounds  of  water,  but 
as  all  coal  contains  considerable  ash  and  refuse,  and  further- 
more as  an  amount  scarcely  ever  less  than  25  per  cent,  of  the 
total  heat,  must  escape  into  the  chimney,  the  results  obtained 
in  practice  are  much  less  and  seldom  exceed  an  actual  evapo- 
ration of  9  pounds  of  water  for  each  pound  of  coal. 

The  amount  of  coal  burned  per  square  foot  of  grate  per 
hour  varies  in  large  power  plants  with  varying  conditions  of 
the  fuel  and  the  draft  from  1 5  to  30  pounds,  but  under  usual 
conditions  of  house-heating  boilers  it  varies  from  4  to  8  pounds 
per  hour. 

The  amount  of  heat  absorbed  by  the  boiler  heating  surface 
depends  upon  the  circulation  of  the  heated  gases,  the  circula- 
tion of  the  water  and  the  difference  in  temperature  between 
the  gases  and  the  water.  The  average  absorption  in  power 
boilers  varies  between  20CX)  and  3000  B.  T.  U.  per  square  foot 
per  hour  and  the  ratio  of  grate  to  heating  surface  varies  be- 
tween I  to  40  and  I  to  60  With  house-heating  boilers  either 
for  water  or  steam  it  is  probably  not  desirable  in  the  interests 

• 

of  economy  to  require  a  heat  absorption  exceeding  1 800  to 
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3  B.  T.  U.  per  square  foot  per  hour.  As  each  square  foot 
«f  sttam  radiating  surface  requires  about  2S0  B.  T.  U.  per  hour 
il[or  steam,  and  170  B.  T.  U.  for  liot  water,  one  square  foot  of 
Jlcating  surface  would  under  these  conditions  supply  from  6 
Elo  8  square  feet  of  radiating  surface  for  steam  and  10  to  iz 
F  square  feet  for  hot  water  heating. 

If  wc  consider  that  one  pound  of  coal  will  in  its  combustion 
give  8,000  to  10,000  heat  units  to  the  steam  or  water,  and  that 
if  wc  burn  on  one  square  foot  of  grate  4  pounds  of  coal  per 
hour  we  shall  have  from  32,000  to  40.000  B.  T.  U.  per  hour,  we 
find  this  on  the  basis  stated  above  would  supply  from  1 15  to  140 
square  feet  of  steam  radiating  surface  per  hour,  and  about 
Iwo-thirds  more  of  hot  water.  It  is  evident  that  if  twice  as 
much  coal  be  burned  per  square  foot  of  grate,  that  twice  as 
much  radiating  surface  could  be  PuppHed  with  steam  ;  increas- 
ing the  rate  of  combustion  would  produce,  however,  a  large 
chimney  waste  and  a  loss  in  efficiency  of  the  boiler  unless  there 
was  a  corresponding  increase  in  heating  surface;  for  this  reason 
tile  lower  rate  of  combustion  is  usually  preferable. 

The  following  table  gives  an  abstract  of  the  results  of  tests 
I  of  two  house-heating  boilers  made  by  the  author  under  the 
I  usual  conditions  of  operation  : 

TESTS  OF  HOUSE  HEATING   BOILERS. 


of  grate,  square  feel ■ 

r-heatiDK  surface,  square  Teei 

bSteam  gauge  pressure,  pounds 

tTempgfaiiire  of  air.  degrees  Fabr 

n^emp«ralure  ul  feed-waler,  degrees  Fahr.. 

JStjy  coal  consumed  per  hour,  pounds 

■Toial  Msbes  and  refuse  per  hour,  pounds . . . 
ti>r7   coal    per   square   foot   of   grale    per  hour 
ponnils.- .      

?aalily  of  sleam,  per  cenl 
oul    weigh!   of   WBlcc   evaporated   per    hour, 

pounds 

I  Actual  evaporation  per  pound  of  fuel 

lAcluftl  evapotaiion  per  pound  of  combuKible,. 

Squivaleni  evaporation  per  pound  of  combusii 

Me  (torn  and  ai  113°  Fahr 
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A  very  interesting  comparison  of  relative  proportions  of 
various  boilers  used  for  steam-heating  was  made  by  S.  Q.  Hayes 
from  published  statements  of  manufacturers  in  Heating  and 
Ventilation,  April  15,  1895,  and  from  which  the  following  table 
is  abstracted.  It  will  be  seen  that  the  proportions  of  radiating 
surface  to  grate  surface  agree  well,  when  the  fact  is  considered 
that  many  published  statements  are  far  from  accurate,  with  the 
values  recommended  for  a  coal  consumption  of  8  lbs.  of  coal 
per  hour,  per  square  foot  of  grate. 
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75.  Water  Surface— Steam  and  Water  Space.— The 
surface  on  the  water-line  from  which  ebullition  takes  place 
should  be  so  large  that  the  velocity  of  steam  will  not  be  great 
enough  to  project  particles  of  water  into  the  main  steam-pipes. 
Practice  is  variable  in  this  respect ;  in  successful  plants  it 
will  be  found  that  from  one  third  to  one  square  foot  of  surface 
is  provided  per  horse-power  or  per  roo  square  feet  of  radiating 
surface.  Tlie  greater  this  surface  the  less  water  will  be  carried 
out  of  the  boiler  with  the  steam,  other  things  being  equal. 

There  is  much  variation  in  the  amount  of  water  and  steam 
space  provided  in  various  kinds  of  boilers:  in  the  fire-tube  and 
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shell  boilers  there  is  mucli  more  space  than  in  water-tube  and 
sectional  boilers.  A  large  amount  of  water  and  steam  absorb 
tlie  heat  slowly,  but  on  the  other  hand  they  require  less  fre- 
quent attention  and  are  more  regular  in  operation.  The  fol- 
lowing rules  have  been  given  : 

Tredgold  "  stales  that  the  volume  of  steam  space  should 
be  sufficient  to  prevent  variations  in  pressure  exceeding  i  in 
30,  by  irregular  use. 

The  Artisan  Club  allowed  5  cubic  feet  of  water  space  and 
3.2  cubic  feet  of  steam  space  per  horse-power  for  Cornish 
boilers. 

In  the  ordinary  tubular  boilers  to-day  there  will  be  found 
about  2.0  cubic  feet  of  water  and  i.o  cubic  foot  of  steam  per 
horse-power,  and  about  one  third  the  above  amounts  for  the 
water-tube  boilers. 

76.  Requisites  of  a  Perfect  Steam-boilen — The  late  Mr. 
George  H.  Babcock  of  Plainfield,  N,  J.,  gives  as  the  results 
of  his  experience  the  following  requisites  for  a  perfect  steam- 
■  boiler  for  power  purposes : 

I  St.  The  best  materials  sanctioned  by  use,  simple  in  con- 
struction, perfect  in  workmanship,  durable  in  use,  and  not  liable 
to  require  early  repairs. 

2d.  A  mud-drum  to  receive  all  impurities  deposited  from 
Ihe  water  in  a  place  removed  from  the  action  of  the  fire. 

3d,  A  steam  and  water  capacity  sufficient  to  prevent  any 
fluctuation  in  pressure  or  water-level. 

4th.  A  large  water  surface  for  the  disengagement  of  the 
steam  from  the  water  in  order  to  prevent  foaming. 

5th.  A  constant  and  thorough  circulation  of  water  through- 
Uit  the  boiler,  so  as  to  maintain  all  parts  at  one  temperature. 

6th.  The  water    space   divided  into  sections,  so  arranged 

jliat   should   any  section  give   out,  no   general    explosion    can 

,  and    the    destructive   cfTects  will  be    confined   to   the 

mple  escape   of  the  contents;  with  large  and  free  passages 

tetween  the  different  sections  to  equalize  the  water  line  and 

pressure  in  all. 

7th.  A  great  excess  of  strength  over  any  legitimate  strain  ; 

C:ted  as  not  to  be  liable  to  be  strained  by  unequal 
•  Thuts Ion's  Sleam-boilefs, 
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expansion,  and,  if  possible,  no  joints  exposed  to  the  direct 
action  of  the  fire. 

8th.  A  combustion-chamber,  so  arranged  that  the  combus- 
tion of  gases  commenced  in  the  furnace  may  be  completed  be- 
fore they  escape  to  the  chimney. 

9th.  The  heating  surface  as  nearly  as  possible  at  right 
angles  to  the  currents  of  heated  gases,  and  so  as  to  break  up 
the  currents  and  extract  the  entire  available  heat  therefrom. 

loth.  All  parts  readily  accessible  for  cleaning  and  repairs. 
This  is  a  point  of  the  greatest  importance  as  regards  safety 
and  economy. 

I  ith.  Proportioned  for  the  work  to  be  done,  and  capable  of 
working  to  its  full  rated  capacity  with  the  highest  economy. 

1 2th.  The  very  best  gauges,  safety-valves,  and  other  fix- 
tures. 

The  same  requirements  apply  equally  well  to  a  boiler  for 
heating,  but  the  relative  importance  of  the  various  require- 
ments might  be  different,  and  some  might  be  omitted  as  un- 
important ;  thus,  for  instance,  the  mud-drum,  which  is  of  im- 
portance  in  a  boiler  for  power,  because  it  is  receiving  constant 
accessions  of  water  with  more  or  less  impurities,  is  seldom 
on  heating  boilers  when  they  are  supplied  with  water  of 
condensation.  The  importance  of  provisions  for  cleaning  is 
less  in  heating  than  in  power  boilers,  but  should  not  be 
neglected. 

77.  General  Types  of  Boilers. — Power^oilers, — It  seems 
necessary  to  consider  boilers  built  for  high-pressure  steam  and 
of  large  sizes  as  a  separate  class  from  those  used  principally  in 
heating  small  buildings,  although  boilers  of  similar  structure 
may  be  constructed  for  heating.  These  boilers  will  be  spoken 
of  as  pozver 'boilers,  and  are  required  t^  fulfil  conditions  as  to 
strength  and  capacity  not  needed  in  heating-boilers. 

The  principal  boilers  of  this  type  now  in  use  can  be  grouped 
into  two  classes,  viz.,  firC'tube  and  water-tube  boilers,  and  one 
or  the  other  of  this  type  must  be  used  for  heating  purposes, 
with  the  present  condition  of  the  market,  whenever  high- 
pressure  steam  is  required. 

The  fire-tube  or  common  tubular  boiler  consists  of  a  cylin- 
drical boiler  with  plain  heads,  connected  by  a  large  number  of 
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tubes  which  serve  as  passages  (or  the  smoke  or  heated  gases. 
The  fire  is  built  underneatli,  and  the  smoke  passes  horizontally 
either  twice  or  thrice  the  length  of  the  boiler.  The  general 
(orm  of  this  boiler  is  shown  in   Fij;.  114.     This  boiler  is  also 


used  sometimes  in  a  vertical  position  with  the  fire  beneath  one 
head,  in  which  case  it  is  called  a  vertical  tubular.  The  water- 
tube  boilers  have  the  water  in  small  tubes,  and  [he  heated 
gases  pass  out  between  the  tubes.  In  this  class  o(  boilers 
the  steam  is  contained  in  drums  or  horizontal  cylinders,  which 
are  located  above  the  heating  surface.  The  tubular  boilers 
arc  made  in  small  sizes,  10  horse-power  and  larger,  while 
the  water-tube  boiler  (or  power  is  seldom  less  than  60  horse- 
[jower  capacity. 

Heating-boiltrs. — The  boilers  which  are  used  for  steam-heat- 

^ing  are  designed  in  a  multiplicity  of  forms,  and  present  examples 
o(  nearly  every  possible  method  of  producing  extended  surfaces, 
both  o(  the  water-tube  and  (ire-tube  types.   They  are  generally 
built   for   low-pressure  steam,    and    are   expected    to    be  used 
mainly  in  buildings  where  the  condensed  water  is  returned  b'y 
gravity  to  the  boiler  without  pumps  or  traps.     They  are  usu- 
J'  built  in  small  sizes  having  a  capacity  of  250  to  2000  (t.  of 
radiating  surface  (2J  to  20  H.P.),  and  are  fitted  with  safety. 
i,  water  and  steam  gauges  and  damper  regulators. 
;  limits  of  this  book  prevent  a  detailed   description  of 
tiake  of  heating-boiler,  but  the  leading  general  types  are 
ribed.      Several  types  of  the   powcrboiler  are  described 
c  in  detail,  and  much  that  is  said  with  respect  to  them  will 
ipply  in  a  general  way  to  heating-boilers. 
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The  following  classification  of  steam-heating  boilers  was 
suggested  by  one  presented  by  Mr.  A.  C.  Walworth  in  a  paper 
before  the  New  York  Convention  of  Master  Steam  and  Hot- 
water  Fitters,  June,  1894: 


Boiler 


CLASSIFICATION   OF  HEATING-BOILERS. 

Plain     j  Spherical 
Surface    \  Cylindrical  {  ""^^^^ 

Extended  j  brought  Iron,  Projecting  Tubes 
Surface    |  ^^^  j^.^^^  irregular  surface 
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Divided 
Surface 


Fire-tube 


Vertical 

Horizontal 

Locomotive 


Tubular    \ 


(Straight  tubes 
Curved 
Spiral 
Coil  of 
LDrop 


<« 
(I 


Sectional  ^ 


Horizontal 


Vertical 


Packed  joints 
Screwed     ** 
Faced 

Packed  joints 
Screwed     ** 
Faced         " 


78.  The  Horizontal  Tubular  Boiler.  —  This  boiler  is 
manufactured  in  many  places,  so  that  in  many  respects  it  is  a 
standard  article  of  commerce,  and  it  can  be  purchased  in  nearly 
every  market  for  a  slight  advance  over  the  cost  of  materials  and 
labor  used  in  its  construction.  In  the  construction  of  this  boiler 
the  shell  is  now  almost  invariably  made  of  soft  steel  of  a  thick- 
ness depending  upon  the  pressure  which  the  boiler  is  expected 
to  sustain.  The  heads  of  the  boiler  are  made  of  flange  steel, 
and  are  generally  -^  inch  thicker  than  the  material  in  the  shell. 
Lap-welded  iron  tubes  are  almost  invariably  used,  the  standard 
sizes  being  as  given  in  Table  XVII.  The  tubes  are  expanded 
into  the  heads  of  the  boiler  and  may  or  may  not  be  beaded,  and 
are  generally  arranged  in  parallel  vertical  rows  in  the  lower  two- 
thirds  part  of  the  boiler.  In  some  instances  the  middle  row  of 
tubes  is  omitted  with  good  results.  It  is  not  a  good  plan  to 
stagger  the  tubes,  since  in  that  case  they  are  difficult  to  clean, 
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and  also  act  to  impede  the  circulation  of  the  water.     The  boilef  "^H 
should   be  provided    with  manholes,  with  strongly   reinlorced  ^| 
edges,  so  that  a  person  can  enter  for  cleaning.     The  heads  of    ■ 
Ihc  boiler  above  the  tubes  should  be  thoroughly  braced   in 
order  to  sustain  safely  any  pressure  from  the   inside  of  the 
boiler. 

Domes  are  olten  placed  above  the  horizontal  part  of  the 
boiler,  and  serve  to  increase   the  capacity  for  the  storage  of 
sleam  and  also  provide  ready  means  of  drawing  off  dry  steam. 
The  dome  is  always  an  element  of  weakness,  and  if  used  It 
should  be  stayed  and  reinforced  in  the  strongest  possible  man- 
ner.  The  dome  is  frequently  omitted,  and  steam  taken  directly 
from  the  top  of  the  shell  or  drawn   through  a  long  pipe  with 
numerous  perforations,  termed  apeltkoat  pipe. 

In  construction  this  boiler  must  be  strongly  braced  wlier^ 
ever  any  flat  surfaces  are  exposed  to  pressure,  and  the  girth 
and  longitudinal  seams  must  be  riveted  in  such  a  manner  as  to 
secure  the  maximum  slrenglli. 

The  following  table  gives  principal  dimensions  for  a  series 
of  horizontal  tubular  boilers  designed  for  a  working  pressure 
of  80  to  icw  pounds  per  square  inch : 
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79.  Locomotire  and   Marine   Boilers.  —  Boilers  of  the  fl 
horizontal  tubular  type  with  a  lirc-box  entirely  enclosed  and  H 
surrounded  by  heating  surface  aic  usually  termed  locomotive  ^| 
boilers  from  the  fact  that  such   construction  is  common  on  ^ 
locomotives.     Uoilcrs  of  tliis  ^tyle  are  sometimes  used  for  sta- 
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tionary  power  purposes,  and  possess  tlic  advantage  over  the 
plain  tubular  boiler  of  requiring  no  brick  setting.  They  are 
not,  however,  as  strong  in  form  as  the  plain  tubular,  since  large 
flat  surfaces  have  to  be  used  over  the  fire-box. 

Marine  Boilers.— h  cylindrical  boiler  with  an  internal  cylin^ 
drical  fire-box  is  principally  us«d  on  large  boats.     The  (ire-boK 


is  often    corrugated. 


This  form  of  boiler  is  very  strong  an  J 
efiicicnt,    but   because   of   cost    of   corul 
struction  has  been  little  used  for  station- J 
ary  purposes. 

79-  Vertical  Boilers.— Vertical  boil-^ 
crs   of    large   size   are   made    in    every 
respect  like  the  horizontal  tubular  boiler, 
but  are  set  so  that  the  flame  plays  di- 
H  ^^K        1 1  rectly  on  one  head  and  the  heated  gases 

■  ^^Kf^    II       ^      pass  Up  through  tubes.     These  boilers 

^L  ^^P^        1 1  ^^^  generally  provided  with  a  water-l«g 

^H  ^V*         1 1    '  which  extends  below  the  lower   crown  \ 

^H         .ITviig    Hh  ^       sheet  and  is  intended  to  receive  deposits^ 
^H         O     A'. BBfc  \       '^'  ni'id,  etc.,  from  the  boiler.     They  aref 
^r  fim^^Hbl-       '^"^u^l'y  niadc.'  so  that   the    heat   passes-a 

V  JKM>C!!.HIW       directly  cut  of  the  top  of  the  flue,  butT 

_  ^»|«||wfBM^nr     .^^  some  cases  the  heat  is  made  to  pass  J 

H  ^H^t-^^HHSdown  a  portion  of  the  length  of  the  cx-f 
I  *''''  ''M'^'"HoVi!F"^'^''""''ernal  shell  before  being  discharged.] 
^m  ^  They  are  economical  in  the  use  of  fuell 

H       and  occupy  very  small  amount   of   floor-space ;  they  requlrefg 
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^^B)owever,  a  great  deal  of  head-room,  are  very  easily  choked  up 
^^Bivith  deposits  and  sediment,  very  difficult  to  clean,  and  very 
^^likely  to  leak  around  the  tubes  in  the  lower  crown-sheet,  and 

consequently  have  a  short  life. 
,  Vertical   boilers  with    horizontal    radial   tubes   projecting 

i outward  with  ends  closed,  known  as  porcupine  boilers,  are 
also  on  the  market,  and  quite  recently  a  vertical  boiler  of  the 
Water-tube  type  has  been  constructed. 
80.  Water-tube  Boilers. — The  water-tube  boilers,  which 
|»re  used  for  power  purposes,  are  designed  to  withstand  great 
pressures,  and  can  be  purchased  in  sizes  ranging  from  60  to  500 
horse-power  per  boiler.  The  general  construction  of  these 
boilers   is  such  as  to  have        .p  ^    ^ 

the  water  on  the  inside  of  -J^j ^  :;  '   ''  \\ 

tile  tubes  and  the  fire  with-       rF^ 
out.      There  are  two  gen-       [j 
eral  forms:  first,  those  with       U- 

straight  tubes,  and  secoiul,  j 

those  with  curved  tube-.  I 

In  all   cases   they  li.iv-.  ;  ! 

tai^e    steam-drums   at    the 
|top.  which  are  connected  to   ''"'■  "7-Babcock  &  Wilcox  Boiler. 
■  heating-surface  by  headers  filled  with  water.     In  the  Bab- 
[Bock  &  Wilcox,  Heine,  and  Root  the  tubes  are  inclined  and 
parallel,  and  are  connected  at  the  end  with  headers,  the  fire 
icing  applied  in  each  case  under  the  elevated  portion  of  the 
[Inclined   tube,  so  as    to    insure  circulation    uniformly  in   one 
jdirection. 

In  the  Babcock  &  Wilcox  boiler,  cast-iron  zigzag  headers 

tare  used  ;  in  the  Root  boiler,  the  tubes  are  connected  together 

jiby  external   U-shaped  bends;  in  the   Heine  boiler  (Fig.  120). 

Jthc  tubes  are  connected  to  large,  flat-stayed  surfaces.     In  the 

■  Babcock  &  Wilcox  and  Heine  boilers,  feed-water  is  supplied  at 

jtlie  lower  part  of  the  top  drums ;  while,  in  the  Root  boiler,  it  i; 

nipplied  to  a  special  drum  in  the  down-circulation   tubes  at 

Jlhc  back  end  of  the  boiler.     The  Stirling  boiler  has  three  \\o\ 

tontal    drums   at   the   top  connected    by  curved   tubes   to   a 

jlinglc  lower  drum  at  the  back  end  of  the  boiler;  Hie  Hogan 

5  one  drum  at  top  and  two  at  bottom,  which  are  parallel  and 
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connected  by  curved  tubes,  and  also  a  scries  of  down-circu- 
lating tubes  connecting  ihesame  drums,  but  not  exposed  to  the 
heat  of  the  fire.     In  the  Stirling  boiler,  the  feed-water  is  intro^ 


duced  in  the  top  drums;  in  the  Hogan  boiler,  into  a  special 
heater  and  purifier  arranged  as  a  part  of  the  downward  circi^> 
lation. 


B 


_     ^      ^  --vm^jT^ 


The  Harrison  boiler  consists  of  an  aggregation  of  spheres 
of  cast  iron  or  steel  connected  by  necks,  forming  what  is  to  be 
considered  rather  as  a  sectional,  than  a  water-tube  boiler. 


boiler.  These ^1 
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Spheres  arc  held  in  place  by  bolts,  which  will  stretch  and  act 
as  safety-valves  in  case  of  excessive  pressure. 

In  addition  to  file  water-tube  boilers  for  power  purposes 
which  have  been  mentioned  here,  there  are  many  others  which 
cannot  be  described  in  the  space  at  our  command,  but  of 
which  we  may  name  the  National,  Campbell  &  Zetl,  and 
the  Caldwell  as  worthy  of  notice. 

All  the  watar-tube  boilers  are  provided  with  niud-drum% 
which  are  usually  cast-iron  cylinders  removed  from  the  circu-   ; 


Fig.  iio. — Heine  Botlih, 
lation  and  intended  to  receive  any  deposits  of  scale  or  material 
which  is  loosened  in  the  process  of  ciiculation. 

8l.  Hot-water  Heaters. —  Hot-water  heaters  differ  essen- 
tially from  steam-boilers,  principally  in  the  omission  of  a  reservoir 
or  space  for  steam  above  the  heating 
surface.  The  steam-boiler  might  an- 
swer as  a  heater  for  hot  water,  but 
the  large  capacity  left  for  the  steam 
would  tend  to  make  its  operation 
slow  and  quite  unsatisfactory. 

The  passages  in  a  hot-water  Iieater 
need  not  extend  so  directly  from 
bottom  to  top  as  in  a  steam-heater, 
since  the  problem  of  providing  for 
the  early  liberation  of  the  steam- 
bubbies  does  not  have  to  be  con- 
sidered. In  general,  the  heat  from 
the  furnace  should  strike  the  surfaces  Fig.  lai.— Vertical  Macazink 
in  such  a  manner  as  to  increase  the  Hot-watkr  Hkat«, 

natural  circulation,  and  not  act  to  produce  a  backward  circula- 
I   tion.     This  may  be  accomplished  in  a  certain  measure  ty  ar- 
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ranging  the  heating-surface  so  that  a  large  proportion  of  the 
direct  heat  will  be  absorbed  near  the  top  of  the  heater. 

There  is  a  great  difference  of  opinioh  as  to  the  relative 
merits  of  horizontal  and  vertical  heating-surfaces  for  this  pur- 
pose, but  the  writer  cannot  find  that  any  experiments  have  been 
made  which  satisfactorily  decide  this  question.  Where  the  sur- 
face is  very  much  divided,  and  the  fire  is  maintained  at  a  high 
temperature,  considerable  steam  is  likely  to  be  formed,  and  this 
always  acts  in  a  certain  measure  to  increase  circulation  in  the 
heating-pipes  and  diminish  it  in  the  heater ;  it  is  likely  also  to 
produce  a  disagreeable  crackling  noise. 

Practically,  the  boilers  for  low-pressure  steam  and  for  hot 
water  differ  from  each  other  very  little  as  to  the  character  of 
the  heating-surface,  and  in  describing  the  general  classes  which 
are  in  use  no  attempt  will  be  made  to  make  any  distinction  as 
to  whether  the  apparatus  will  be  used  for  hot-water  or  steam 
heating.  If  designed  for  steam-heating,  a  reservoir  or  chamber 
connected  with  the  circulating  system  is  in  every  case  pro- 
vided, containing  water  in  its  lower  part  and  considerable 
steam  capacity  above  the  water-line,  also  suflBcient  area  of 
water-surface  to  permit  the  separation  of  the  steam  from  the 
water  without  noise  and  violent  ebullition. 

82.  Classes  of  Heating-boilers  and  Hot-water  Heaters 

— Plain-surface  Boilers. — There  are  probably  no  boilers  or 
heaters  built  at  the  present  time  with  a  plain  surface,  either 
spherical  or  cylindrical,  since  the  expense  of  a  given  amount  of 
surface  in  that  form  would  practically  preclude  its  use. 

Extended-surface  Heaters  (Figs.  122  and  123). — Heaters  of 
this  class  with  extended  and  irregular  surface,  are  used  quite 
extensively  in  hot-water  heating,  and  with  the  addition  of 
domes  are  used  to  some  extent  in  steam-heating.  In  these 
heaters  the  water  is  received  at  the  lowest  point,  as  at  A^  and 
is  heated  as  it  gradually  rises,  receiving  the  effect  of  the  fire 
at  various  projections,  and  is  finally  discharged  at  B.  The 
grate  is  at  C,  the  smoke  being  discharged  at  5.  The  smoke 
and  heated  gases  move  in  nearly  a  direct  line  in  Fig.  122,  and 
in  a  sinuous  course  in  Fig.  123. 

A  form  which  is  in  extensive  use,  and  in  which  water 
and    smoke    are    each    grouped   in   One   body,   is   shown   in 
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Fig.  124.  In  this  case  ihc  extended  surface  is  produced  by  the  I 
wedge-shaped  hollow  prisms  extending  over  the  fire-space,  f 
The  heated  gases  have  a  return  circulation  around  the  lower  1 
portion  o(  the  heater,  and  also  come  in  contact  with  a  top  ] 
dome  from  which  the  heated  water  is  drawn  off. 


Heaters  belonging  to  the  extended-surface  class  made  with 
vertical  cylinders,  into  which  are  connected  either  straight  hori- 
zontal lubes  with  closed  end,  as  shown  on  the  right-hand  side 
ol   Fig.  125,  or  U-snaped  projections  of  pipe  either  horizontal 
sightly  inclined,  are  in  use  for  both  water-  and  steam-lieat- 
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ing.  In  case  they  are  used  for  steam-heating  the  water-line  is 
carried  at  sufficient  distance  from  the  top  of  the  cylinder  to 
give  the  required  steam-space,  and  the  heater  is  supplied  with 
both  pressure-  and  water^auges.  The  heated  gases  pass 
around  the  cylindrical  part  of  the  boiler  and  may  be  made 
to  circulate  among  the  projections  by  means  of  baffle-plates. 

Tubular  Boilers. — Heating-boilers  with  fire>tubes  and  with 
a  steel  shell  similar  in  construction  to  the  horizontal  and 
vertical  tubular  boiler  described  in  Articles  ^  and  78,  are  in 
use  for  heating  to  considerable  extent  in  the  forms  already  de- 
scribed. Modifications  of  these,  with  return  flues  arranged 
so  that  the  heat  passes  both  upward  and  downward,  and  also 
with  two  or  more  short  cylindrical  shells  connected  together 
by  tubes  filled  with  water,  are  in  extensive  use.  Very  few  hori- 
zontal tubular  boilers,  or  boilers  of  the  locomotive  type,  are 
used  for  the  heating  of  small  buildings. 

Water-tube  Boilers. — Water-tube  boilers  of  all  classes  and 
various  modifications  are  in  extensive  use  for  heating.  The 
tubes  are  made  of  either  cast-iron  or  wrought-iron  pipe.  The 
pipe-boilers  which  arc  in  the  market  are  arranged  with  nearly 


Fig.  ia6.— Fibld  Tube. 

every  form  of  heating-surface;  some  are  built  with  heating- 
surface  in  the  form  of  the  pipe-coil,  as  shown  in  Fig.  92,  page 
108,  and  others  in  the  form  of  a  manifold  coil,  as  shown  in  Fig. 
93,  page  108.  Still  other  boilers  have  the  pipe  arranged  in  the 
form  of  a  spiral  connecting  with  a  receiving-drum  below  and  a 
steam-drum  above.     The  heated  gases  are  arranged  to  move 
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in  some  cases  parallel  with  the  surfaces,  and  in  other  cases  ad 
right  angles. 

The  Field  tube  is  used  extensively  for  the  purpose  of  in- 
creasing the  heating-surface;  in  its  origina!  form  it  consisted 
of  a  tube  with  a  closed  end  projecting  downward  and  expanded 
into  the  boiler-shell ;  into  this  extended  another  tube  which  did 
not  reach  quite  to  the  bottom,  and  was  held  in  position  by 
an  internal  perforated  support,  as  shown  in  Fig.  126.  This  is 
used  in  heating-boilers  with  various  modifications  both  pro- 
jecting downward  and  horizontally.  When  used  projecting 
downward,  it  is  termed  a  drop-tube,  and  is  supplied  either  with 
an  internal  tube,  as  shown,  or  a  partition ;  when  used  hori- 
zontally the  internal  tube  is  frequently  supplied  from  a  com- 
partment separated  from  that  to  which  tlie  external  tube  is 
attached.  Fig.  127  illustrates  a  type  of  heating-boiler  which 
is  quite  extensively  used  for  both  hot  water  and  steam,  and  is 
built  by  different  manufacturers,  either  of  steel  or  cast  iron. 
The  healer  consists  of  a  cylindrical  drum,  the  lower  surface  of  , 


F[T.    117.  — DKOr-TUBE   BukFACE.        Fw.    IJ8.— DSOP-TIJIIE    ANn    Cou.-H 

which  is  covered  with  tubes  of  the  type  described  which  pro* 
ject  downward.  The  tubes  directly  over  the  (ire  and  over  the 
fire  door  are  short,  while  those  around  the  fire  are  sufficiently 
long  to  form  the  external  walls  of  the  heater.  The  return 
water  is  received  in  one  of  the  long  pipes  near  the  bottom  of 
the  heater,  and  the  steam  or  heated  water  is  taken  off  at  the 
top.  The  drum  in  one  of  these  heaters  is  provided  with  a 
bafDe-plate  connected  to  the  diaphragm  in  the  drop-tube,  so 
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that  the  circulation  must  take  place  in  a  vertical  direction  in 
the  tube. 

Fig.  128  shows  3  heater  in  which  the  surface  is  made  up 
partly  of  pipe-coils  and  partly  of  drop-tubes.  The  return 
water  is  received  in  the  lower  concentric  drum,  and  as  it 
is  warmed  passes  to  the  top  drum  of  the  heater,  from  which  it 
flows  to  the  building;  a  type  of  heater  in  many  respects 
similar  is  made  without  drop-tubes,  the  whole  surface  being 
obtained  by  use  of  pipe-coils,  made  either  with  return  bends 
or  with  branch  tees. 

Sectional  Boilers. — The  greater  number  of  cast-iron  boilers 
are  made  by  joining  either  horizontal  or  vertical  sections. 
These  sections  are  joined  in  some  instances  by  a  screwed 
nipple,  in  other  cases  by  a  packed  or  faced  joint,  and  are  held 
in  place  with  bolts.     The  sections  generally  contain  water  and 
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BoiLEK  WITH  Horizontal 
Sections. 

steam,  and  the  heated  gases  circulate  around  the  sections  in 
flues  provided  for  that  purpose.  The  joints  in  the  flues  are 
usually  made  tight  enough  to  prevent  the  escape  of  smoke  by 
the  use  of  an  asbestos  or  similar  cement. 


STEAM-HEATING  BOILERS.— HOT-WATER  llEATEJiH.      I/l 

Horisontal  Sections. — Fig.  1 29  represents  a  type  of  heater  in 
wliicli  the  various  sections  arc  horizontal,  the  surface  being  in- 
-rcascd  to  any  amount  by  adding  sections.  This  form  is  used 
txtensively  in  a  numberof  hot-water  heaters.  Fig.  130  shows 
.mother  form  of  boiler  made  in  a  similar  manner,  but  with  the 
sections  of  such  form  as  to  produce  both  an  up  and  down 
circulation  within  the  heater.  The  up  circulation  takes  place 
over  the  hottest  portion  of  the  fire,  the  down  circulation  in 
special  external  passages  which  are  not  heated. 

Vertual  Sections. — Boilers  with  vertical  sections  are  made  in 
the  same  manner  in  many  respects,  the 
sections  being  united  by  internal  or  ex- 
ternal connections.  When  united  by  ex- 
ternal connections,  screwed  nipples  con- 
necting the  sections  to  outside  drums,  of 
the  general  form  as  shown  in  Fig.  I3t, 
are  usually  employed.  In  this  c.nse  the 
return-water  is  received  into  horizon- 
tal drums  AA.  which  extend  the  full 
length  of  the  heater,  and  flows  into  the 
lower  part  of  each  section.  The  steam 
or  hot  water  is  drawn  oft  from  a  similar 
drum.  B,  which  extends  over  the  top  of 
the  heater  and  is  connected  with  each 
section  by  a  screwed  nipple.  Fig.  130 
shows  methods  of  attaching  steam-  and  '^"^    '3'* 

water  gauges.     This  form   is  used  quite  extensively  in  steam- 
heating  and  to  some  extent  for  hot. water  heating. 

83.  Heating-boilers  with  Magazines.— Nearly  all  of  the 
heating-boilers  are  manufactured  as  required  with  or  without  a 
magazine  to  hold  a  supply  of  coal.  The  magazine  in  most 
9  consists  of  a  cylindrical  tube  opening  at  or  near  the  top 
F  the  heater  and  ending  eight  to  twelve  inches  above  the 
The  magazine  is  filled  with  coal,  which  descends  as  com- 
HiKtion  takes  place  at  the  lower  end.  and  provides  fuel  for 
further  combustion  (see  Fig,  121).  The  magazine  works  suc- 
ivfully  with  anthracite  coal,  which  is  that  ordinarily  employed 
'In  domestic  heating,  but  it  takes  up  useful  space  in  the  heater, 
decreases  the  effective  heating  surface  for  a  given  size,  and  in 
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that  respect  is  objectionable.  The  writer's  own  experience 
would  lead  him  to  believe  that  the  magazine  heater,  except  in 
very  small  sizes,  requires  as  much  attention  as  the  surface 
burner,  and  consequently  has  no  special  advantage.* 

84.  Heating-boilers  for  Soft  Coal. — It  is  quite  probable 
that  no  furnace,  either  for  power  or  heating  boilers,  has  yet 
been  produced  which  will  consume  soft  coal  without  more  or 
less  black  smoke.  This  smoke  is  due  principally  to  the  imper- 
fect combustion  of  the  hydrocarbons  contained  in  the  coal.  The 
hydrogen  burning  out  after  the  gases  have  left  the  fire  leaves 
solid  carbon  in  the  form  of  small  particles^  which  float  with  and 
discolor  the  products  of  comBustion.  The  amount  of  loss  as 
found  by  experiment  in  Sibley  College,!  even  when  dense  black 
smoke  is  produced,  seldom  reaches  one  per  cent,  and  is  of  no 
economical  importance.  The  sooty  matter  produced  in  the 
combustion  of  this  coal  is  likely  to  adhere  to  the  water-heating 
surfaces,  and  if  these  are  minutely  divided  it  will  be  certain  to 
choke  the  passages  for  the  gases  of  combustion.  For  the 
combustion  of  soft  coal  those  heaters  have  been  the  most 
successful  which  have  a  grate  with  small  openings,  and  with  an 
area  50  to  70  per  cent  as  large  as  that  needed  for  anthracite 
coal,  also  with  the  heating-surface  of  comparatively  simple  form 
and  arranged  so  as  to  be  easily  cleaned.  It  is  considered  im- 
portant that  the  air-flues  be  so  arranged  as  to  keep  the  products 
of  combustion  as  hot  as  possible.  This  coal  is  likely  to  swell 
when  first  heated,  and  cannot  be  fed  successfully  by  a  maga- 
zine. 

*  Magazine  heaters  have  been  constructed  with  a  magazine  set  obliquely 
above  and  to  the  side  of  the  grate,  and  in  that  position  are  not  open  to  all  the 

objections  stated. 

t  See  Table  XII,  page  39a 


CHAPTER  VIII. 


SETTtNGS  AND  APPLIANCES-METHODS  OF   OPERATING 
BOILERS  AND  HEATERS. 

85.  Brick  Settings  for  Boilers. — Horizontal  tubular  boilers 
and  a  few  heating-boilers  require  to  be  set  in  brickwork,  of 
which  tlitf  general  arrangcmenl  is  siiowii  in  Fig.  132.  The 
horizontal  tubular  boiler  is  usually  supported  from  ca.-il-iron 
flanges  which  are  riveted  to  the  -.ides  uf  tile  shell,  and  which  rest 
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Fia  133.— Perspective  View  of  Tubulab  Boiler  Sh  in  Hrhmi.ii 

directly  on  the  walls  of  brickwork,  or  are  supported  by  t 
pension-rods  from  above.      In  some  instances  the  boiler-lugsl 
rest  on  cast-iron  columns  embedded  within  the  brickwork,  ; 
of  such  a  length  thai  all   the  brickwork  above  the  grates  can  J 
be  removed  without  affecting  the  setting.    In  setting  the  boiler*] 
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the  back  end  should  be  slightly  lower  than  the  front,  in  order 
that  the  entire  bottom  of  the  boiler  may  be  drained  at  the  blow- 
off  pipe.  One  of  the  lugs  of  the  boiler  on  each  side  should  be 
anchored  in  the  brickwork ;  the  others  should  rest  on  rollers, 
which  in  turn  rest  on  an  iron  plate  embedded  in  the  brick 


walls.  This  permits  expansion  due  to  heating  and  cooling  to 
take  place  without  straining  the  boiler.  If  the  boiler  is  not 
over  14  feet  in  length,  two  lugs  on  a  side  will  be  sufficient  to 
sustain  it,  but  if  it  is  of  greater  length,  more  lugs  will  need  to 
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'be  supplied.  Tlic  brickwoik  surrounding  the  boiler  is  more 
durable  if  built  with  an  air-space,  as  shown  in  Fig.  134.  It 
must  be  thoroughly  stayed,  by  means  of  cast-iron  braces,  con- 
nected with  tie-rods  at  top    and  bottom  of  wrought  iron  to 


fprevent  transverse  or  longitudinal  motion.     The  top  may  be 

'  arched  over  so  as  to  leave  a  passage  for  the  hot  gases  directly 

over  the  shell,  as  in  Fig.  132,  or  made  to  rest  direclly  on  the 

boiler,  and  the   hot  gases  taken   away  at  the   front   end   by 

means  of  a  flue,  usually  termed  a  breeching,  which  e.xtends  to 

the  chimney-     The  practice  of  taking  the  heated  gases  from 

the  front  end  of  the  boiler  is  rather  more  common  than  that  of 

Lretuming  them  lo  the  back  end  over  the  top,  and  there  are 

■  tnany  engineers  who  believe  thai  the  hot  gases  injure  the  boiler 

when  coming  in  contact  with  the  shell  above  the  water-line. 

Figs.  133, 1 34,  and  135  show  longitudinal  and  transverse  sections 

to(  a  boiler-setting,  with  smoke-pipe  or  breeching  in  front,  which 

lean  be  highly  commended  as  representing  the  best  practice. 

The  depth  of  foundation  to  be  used  in  boiler-setting  will 

I'dcpcnd  upon  the  character  of  the  soil  and  the  weight  of  the 

f  boiler.     For  large  tubular  and  water-tube  boilers  it  should  gen- 

Icrally  be  not  less  than  3  feet.     Fire-brick  of  the  best  quality 
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should  be  used  to  line  the  brick  walls  for  a  height  equal  to  that 
from  the  grate  to  the  water-line  of  the  boiler,  and  these  should 
be  arranged  so  that  if  necessary  they  can  be  relaid  without 
disturbing  the  outer  brickwork.  In  the  setting  shown  in  Figs. 
133-134  the  top  of  the  boiler  is  covered  with  a  coating  of  some 


good,  non  conducting  material,  for  which  magnesia,  asbestoi 
or   mineral  wool   may  be    recommended,  put   on  while  i 
plastic   condition   to  the  depth  of  2    inches  with    a   mason1| 
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icd ;  but  i! 
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trowel.     Brickwork   is  1 

liable  to  crack  from  tlie  effects  of  heat. 

86.  Setting:  of  Heating-boilers. — If  heating-boilers  are  to 
be  set  in  brickwork,  the  special  directions  which  have  already 
been  given  can  be  applied,  with 
such  modifications  as  may  be 
needed  for  the  boiler  in  ques. 
tion.  Nearly  all  heating-boilers 
are  now  set  in  what  is  called  a 
portable  setting,  in  which  no 
brick  whatever  is  used.  Some 
of  the  heaters  are  made  by  the 
system  of  manufacture  adopted 
so  that  no  outside  casing  is  re- 
quired, as  in  Fig.  138;  others 
require  a  thin  casing  of  galvan- 
ized or  black  iron  which  is  lined  f^"^-  '5^ 
with  some  non-conducting  ma-  Brick-set  Magazin[ 
terial,  as  magnesia,  asbestos  fibre,  or  rock  wool,  which  is  placed 
outside  the  heater  and  arranged  so  as  to  enclose  a  dcadair 
space,  as  in  Fig.  137.  These  coverings  are  neatly  as  efficient  ^^ 
in  preventing  the  loss  of  heat  as  brickwork,  and  they  forr 
more  cleanly  and  neater  appearing  Job. 

The  slight  amount  of  heat  which  escapes  from  such  a 
setting  is  seldom  more  than  that  required  to  warm  up  the 
basement  or  room  in  which  the  heater  is  located. 

The  boiler  must  in  all  cases  be  provided  with  a  steam- 
gauge,  safety-gauge,  and  damper  regulator,  all  of  which  are 
specially  described  later.  The  steam-gauge  should  be  either 
connected  below  the  water-level  or  else  provided  with  a  siphon 
to  prevent  dry  steam  entering  the  interior  tube.  A  safety- 
valve  of  the  single-weighted  type  is  preferable  and  should 
be  connected  at  the  top  of  the  heater.  The  damper  1 
lator  usually  consists  of  a  rubber  diaphragm  which  is  acted 
on  by  pressure  so  as  to  open  and  close  the  dampers  as  required. 
It  will  prove  more  durable,  generally,  if  connected  below  the 
water-line  and  located  about  on  a  level  with  the  top  of  the 
heater,  as  this  will  insure  the  contact  of  water  against  the  rubber 
diaphragm.     Fig,  137  represeiits  a  boiler  with  portable  setting 
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with  external  iron  casing  and  equipped  with  all  appliances,  3n^ 
Fig,  138  represents  a  portable  setting  without  enclosing  case. 
Hol-water  heaters  are  set  in  the   same  general   manner  a 
steam-boilers.     Each  should  be  provided  with  thermometers" 
showing  both  the  temperature  of  the  flow  and  the  return  water. 


Portable  Settinu. 

and  with  a  pressure-gauge  graduated  to  show  pressure  of  watei 
in  feet  and  sufficiently  large  to  show  any  variation  in  height  i 
the  open  expansion  tank.     The  dampers  to  a  hot-water  heaterl 


(. — Section  ok  Lever  Vaivi.,  Oih  Y^>-aw. 
cannot   be    opened    and   closed   by  variation    in  pressure, 
reliable  thermostats  are  now  on  the  market  which  will  operatt 
the  dampers  by  change  of  temperature  in  the  various  n 
of  the  building. 
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87.  The  Safety-valve. — The  safety-valve  has  been  used 
since  the  earliest  days  of  boiler  construction  for  reducing  the 
preseure  when  it  reached  or  exceeded  a  certain  limit.  It 
has  been  built  in  various  forms,  but  in  every  case  has  con- 
sisted essentially  of  a  valve  opening  outward  and  held  in 
place  by  a  weight  or  a  spring.  One  form  in  common  use  con- 
sists of  a  valve  held  in  place  by  a  weight  on  the  end  of  a  lever, 
shown  in  Fig,  139  in  section  and  in  Fig.  140  in  elevation.  In 
1  this  form  of  safety-valve  the  force  required  to  lift  the  valve 

Fig.  140. — Lever  SafktV'Valve,  Modern  Form. 

can  be  regulated  by  sliding  the  weight  to  different  positions 
I  on  the  lever.  The  form  shown  in  Fig.  141  consists  of  a  single 
[  -weight  suspended  from  the  valve  and  hanging  in  the  upper 


ho.  >4t. — Drad-weicht  Safbtv-valve— Wright  Inside  of  E 


I  part  of  the  boiler.     This  form  is  to  be  commended,  since  it 
I  cannot  be  adjusted  without  opening  the  boiler. 

A  form  used  very  extensively  for  low-pressure  heating- 
[  boilers  consists  of  a  single  weight  resting  on  a  valve,  as  shown 
[  in  Fig.  142  ;  its  principle  of  operation  is  the  same  as  that  of  the 
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Other  valves.  A  form  much  used  on  power-boilers,  and 
frequentl}'  called,  from  the  suddenness  wkh  which  it  opens,  a 
popvalvt  consists  of  a  very  quick-opening  va}ve  h^Id  in  place 
with  a  spring,  one  form  of  which  is  shown  ki  Fig.  143. 


It  is  desirable  that  the  safety-valve  be  made  in  such  a 
manner  that  the  engineer  or  attendant  to  the  boiler  cannot 
manipulate  it  at  pleasure  so  as  to  maintain  a  higher  pressure 
on  the  boiler  than  prescribed. 

Serious  accidents  have  been  caused  by  excessive  weighting 
of  the  safety-valve  through  ignorance  or  carelessness  on  the 
part  of  the  attendants,  and  for  this  reason  a  class  of  valves 
should  be  selected  which  cannot  be  tampered  with.  Some  of 
the  safety-valves  are  provided  with  an  external  case  which  can 
be*  locked,  and  others  are  provided  with  internal  weights,  as 
already  described.  The  lever  safety-valve  offers  the  most 
temptation  for  extra  weighting  and  should  rarely  be  used. 

The  area  of  a  safety-valve  must  be  sufficiently  large  to 
effectually  reduce  the  boiler  pressure  when  the  valve  is  open 
and  when  a  brisk  (ire  is  burning  on  the  grate.  It  may  be 
computed  from  the  following  considerations: 

The  steam  which  will  flow  through  one  square  inch  of  open- 
ing in  one  hour  of  time  was  found   by  Napier*  to  equal  in 
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tftounds  nearly  50  times  the  absolute  pressure  o(  the  steam ; 
(further,  it  has  been  found  by  experiment  that  the  safety- 
'  valves  in  ordinary  use  open  only  to  such  an  extent  as  to  make 
-J  o(  the  total  area  of  the  valve  effective  in  reducing  the  press- 
ure. From  these  considerations  it  will  be  seen  that  the  area 
of  the  safety-valve  in  inches  should  be  ^5  the  weight  of 
steam  generated  per  hour,  divided  by  the  absolute  pressure. 
Considering  that  lOO  lbs.  of  steam  can  be  generated  from  each 
square  foot  of  grate  per  hour,  this  would  be  equivalent  to  the 
following  rule:  The  area  in  square  inches  is  equal  to  18  times 
the  grate  surface  in  square  feet,  divided  by  the  absolute 
pressure. 

The  following  table  gives  the  area  of  safety-valve  in  square 
inches  per  square  foot  of  grate  required  on  marine  boilers  by 
the  English  Board  of  Trade: 


Boiler  PrcHOrc. 

B^,„P 

™.^ 

"tll^^" 

Pound*  pit 

•Mh  tq.  II.  graie. 

«k:Ii  iq.  (L  g»[e. 

ph«e. 

phere. 

■S 

0 

I.flS 

60 

45 

0.50 

5 

1.07 

70 

55 

44 

0.94 

80 

65 

40 

10 

15 

90 

75 

36 

35 

0-75 

85 

33 

4<j 

95 

30 

45 

30 

los 

377 

s» 

35 

0.576 

130 

"5 

° 

asS 

The  following  formula  gives  results  very  closely  in  accord 
with  the  English  Board  of  Trade  table.  Let  A  =  area  of 
safety-valve  in  square  inches, /*  =  absolute  pressure  =  gauge 
pressure  plus  1 5,  ff  =  number  o(  square  feet  of  grate  surface, 

IA  =  {;^+o.oo2p)g. 
Various  rules  quite  different  from  the  above  are  given  in 
treatises  on  boiler  construction,  hut  it  is  believed  that  the  above 
table  represents  the  best  practice  of  to-day  and  forms  a  safe 
guide  for  estimating  the  size  of  safety-valves. 

Safety-valves  are  liable  to  slick  fast  to  the  seat,  through 
corrosion,  in  which  case  they  fail  to  raise  with  excess  of  press- 


■  Safer 

^H   corrosion 


I 
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tirc;  for  that  reason  tliey  should  be  periodically  lifted  froai| 
their  seats  and  otherwise  inspected. 

In  case  the  area  of  the  valve  required  is  greater  than 
inches  in  diameter,  two  safety-valves  should  be  provided  f< 
eacli  boiler. 

88.  Appliances  for  showing  Level  of  Water  in  the  Boiler. 
— In  the  first  boilers  constructed  floats  were  used,  and  such 
appliances  are  still  common  on  European  boil- 
g_        A  ers.     In  this  country  water-gauge  glasses  and 

Mgj^^^^  try-cocks  are  now  used,  to  the  exclusion  of  all 
oT^^^P^^  other  devices.  The  water-gauge  (see  Fig.  I44). 
F  consists  of  two  angle-valves,  one  of  which  is 

screwed  into  the  boiler  above  the  water  lim 
the  other  is  screwed  about  an  equal  distai 
below,  and  these  are  connected  by  means  of 
glass  tube  usually  |  to  §  inch  external  diamet< 
and  strong  enough  to  withstand  the  steam-press-^ 
ure.    Wlien  both  angle- valves  are  open  the  tvatcf  | 
will  stand  in  the  gauge-glass  the  same  height 
the   boiler,  but    if   either   valve   is  closed  the 
water-level  shown  in  the  glass  will  not  accord 
I    >  with  that  in  the  boiler.     Three  try-coclts  are 

ft    '  gf^     usually  put  on  a  boiler  in  addition  to  the  water- 
flMn^Bvi    gauge.  The  try-cocks  are  made  in  various  forms, 
'T  *^n^  V\v\A  being  shown  in  Fig.   145,  these  are 

'^  located    so     that    one    is    above,    the    other 

Fir.  144. — Glass  ,11-1  .  , 

Watf.r-gauge,  below,  and  the  third  at  about  the  mean  posi- 
tion of  the  water-line.  When  the  top  one  is  opened,  it 
should  show  steam;  when  the  bottom  one  is  opened  it, should 


I 

he* 


Both  try-cocks  and  gauge-glasses  should  usuall 


show  water, 

be  put  on  boilers,  so  that  the  reading  as  shown  in  the  water- 
gauge  glass  can  be  checked  from  time  to  time.  This  is  neces- 
sary, because  it  dirt  should  get  in  the  angle-valvcs  or  passages 
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leading  to  the  gauge-giass  the  determination  would  be  inac- 
curate. 

Water-columns  attached  to  the  boiler  by  large  pipes,  both 
above  and  below  the  water-line,  and  fitted  with  try-cocks  and 
water-gauge  as  shown  in  Fig.  146,  are  often  provided.  These 
columns  frequently  contain  floats  (Fig.  147},  so  arranged  that 
steam  is  admitted  into  a  small  whi.stle  if  the  water  [alls  below 
or  rises  above  the  required  limits,  and  thus  gives  an:  alarm. 


.  Methods    of  Measuring   Pressure. — The  excess  of 
I  pressure  above  that  of  the  atmosphi 
I  of  manometer  or  pressure-gauge. 
I  Where   the    pressure   is   small   in 

■  amount,   a    siphon,    or    U-shaped 
'  tube   filled  with  some  liquid   is  a 

very  convenient  means  of  measur- 
ing    pressure.     The    method     of 
1  using  a  simple  manometer  of  this 

■  character   is  shown  in  Fig.  148,  in 
|which  a  U-shaped  tube.  G  F  B  D, 

■  one  branch  attached  to  the 
^essel  containing  the  fluid  whose 
e  is  to  be  measured ;  the 
Other,  as  at  D.  is  open  to  the  air. 
b(  water,  mercury,  or  other  liquid  be  placed  in  the  U-shaped 
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I  down  on  the  side  of  the  greater  pressure 
and  upward  on  tlie  side  of  the  less,  a 
distance  proportional  to  the  pressure. 
The  height  of  the  fluid  in  one  side  in 
excess  of  that  on  the  other  will  be 
measure  of  the  difference  of  pressure 
tween  that  of  the  atmosphere  and  thai 
in  the  vessel. 

Various  fotms  of  manometers  are 
used,  of  which  several  are  shown  in  Fig. 
149.  For  very  low  pressures  water  is 
the  liquid  generally  employed;  (or  mod- 
erate pressures  up  to  15  or  25  pounds 
mercury  is  very  convenient,  and  often 
used;  while  for  high  pressuresa  pressure- 
gauge  (Fig.  150),  as  described  later,  is 
commonly  employed. 

The  Bourdon  pressure-gauge  is  or- 
dinarily used.     This  consists  of  a  tul 
of   elliijtical    cross-section   bent  into 
circular  form.     The  free  end  of  the  tube 

ing  lo  a  hand  which   moves  over  a  dial. 

;rior  of  the  tube  tends  to  straighten 


h^^l 


:4 


is  attached  by 
Pressure  on  ih 


Bo UK DON  Gauge 


moves  the  hand  an  amount  proportional  to  the  pressure. 

Fig.  150  shows  the  interior  of  a  pressure-gauge  of  this  chai 
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vilh  tile  dial  removed.     In  place  of  the  tube  a  corrugated 
paiaphr^m  is  sometimes  employed.     A  section  of  such  a  gauge 
is  shown  in  Fig.  151.     In  the  use  of  gauges  of  the  character  Just 
described  it  is  necessary  to  protect  them  from  extreme  heat. 
^^For  this  purpose  when  they  are  connected  to  a  steam-boiler  a 

siphon  or  U-shaped  form  of  pipe  is  to  be  used  in  the  connec- 
tion, so  that  water  and  not  steam  will  be  forced  into  the  inte- 
Tof  the  gauge. 

The  manometers  and  gauges  described  in  every  case  measure 
^he  pressure  above  or  below  that  of  the  atmosphere.     If  they 
;a«ure  a  pressure  lower  than  that  of  the  atmosphere  they  are 
commonly  called  vacuum-gauges,  but  the  principle  of  construc- 
tion is  the  same  as  described. 

I  The  relations  of  various  units  used  in  measuring  pressure 
in  be  readily  determined  from  the  following  table  of  equiva- 
ots:  I  inch  of  mercury  =  13.619  inches  of  waler  =  1.134  feet 
[  water  =  0.49101  pound  =  399.51  feet  of  air  at  60  degrees 
ahrenheit  and  barometer  pressure  30  inches.  The  pressures 
re  usually  taken  as  acting  on  one  square  inch  of  a  body. 


I       con 
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90.  Thermometers.— The  methods  of  constructing  v 
kinds  of  thermometers  have  been  described  in  Articles  8  to  1 
In  any  hot-water  lieating  system  it  is  quite  important  to  know! 
the  temperature  of  the  water  leaving  the  hciitcr,  and  in  manfl 
j^^^  cases  also  that  of  the  return.     This  inrormatioDJ 

^^^t^A  while  not  so  vital  to  the  safety  of  the  heater  a 
^j^^B^B  1/  tiial  given  by  a  pressure-gauge  on  a  steam-head 
ing  system,  i.s  of  the  same  character,  and  wi( 
prove  to  be  equally  valuable  in  indicating  I 
York  done  by  the  heater,  and  the  heat  absorbeC 
liy  the  system. 

I      Any  of  the  suitable  forms  described  in  Chapi 
ter  I  can  be  used,  but  special  forms  in  ■ 
tlie  thermometer-bulb  sets  in  a  cup  of  mercun 
(Fig.  I52)are  often  used. the  cup  beingscrewe) 
into  the  pipe  whose  temperature  is  requir 
These  thermometers  should  be  set  so  as  to  ejj 
tend    deep    into   the  current  of   flow 
and  there  should  be  no  opporlunity  for  air  tj| 
gatlier  around  the  bulb  :  otherwise  the  rcadingj 
wili  not  be  the  true  temperature. 

91.  Damper-regulators. —  Nearly  all  slcaoi 
boilers  are  provided  with  an  apparatus  for  open^ 
ing  or  closing  the  dampers  and   draft. doors  to 
the  boiler  as    may  be    required  to  maintain  a 
— Thek-  constant    steam-pressure.      For    low-pressure 
EFKB     FOR  steam-heating  plants  the  regulator  consists  in 
Heating.  nearly  every  case  of  a  rubber  diaphragm  (Fig. 

153)1  which  receives  the  steam -pressure  on  one  side,  and  acts 
against  a  counter-weight  resting  on  a  plate  on  the  opposite 
side.  The  plate  is  connected  by  a  rod  to  a  lever  pivoted  to  the 
external  case,  which  in  turn  is  connected  to  the  various  draftq 
by  means  of  chains,  and  so  arranged  that  if  the  pressurl 
rises  the  lever  is  lifted  and  the  drafts  closed,  while  if  the  presa 
ure  falls  the  lever  also  (alls,  and  the  drafts  are  opened. 
means  of  weights  on  the  lever  tlie  regulator  can  be  set  1 
operate  at  any  pressure.  The  regulator  should  be  connecter 
to  the  boiler  below  the  water-line,  or  by  means  of  an  U-shapeiT 
pipe,  arranged  so  that  the  part  of  the  vessel  below  the  dia- 
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phragm  will  remain  full  of  water;  otherwise  the  heat  in  tlie 
steam  will  cause  the  rubber  to  deteriorate  rapidly.  The  form 
shown  in  Fig.  153  is  so  arranged  that  the  diaphragm  must  in 
every  case  be  in  contact  with  water. 

While  rubber  diaphragms  are  usually  durable  for  low-pres- 
sure steam-regulators,  still  they  occasionally  are  ruptured.  In 
order  to  prevent  accident  from  such  a  cause,  the  Nason  Manu- 
facturing Co,  have  devised  a  form  of  such  a  character  that  the 
draft-doors  will  close,  instead  of  open,  in  case  of  rupture.  This 
is  done  by  using  a  link  in  the  connecting-chain  to  the  draft- 
_  doors  of  some  metal  that  will  be  fused  at  a  temperature  below 
lat  of  boiling  water,  and  arranged  so  that  in  case  of  rupture 
Ihe  escaping  steam  and  hot  water  will  impinge  upon  and  melt 
^ :  the  damper  wilt  be  closed  by  its  own  weight  when  the 
^nk  breaks. 

Damper-reguiators  for  high-pressure  steam  are  constructed 
3  operate  on  the  same  principle  as  those  described,  but 
Instead  of  a  rubber  diaphragm  either  a  mcialHc  diaphragm  or  a 
piston  working  in  a  cylinder,  and  operated  by  water-pressure, 
mploycd.- 

The  following  cut  shows  the  external  appearance  of  one  of 
the  many  forms  in  use. 


92.  Blow-offCocks  or  Valves.— Every  steam-boiler  should 
E  provided  with  an  appliance  for  emptying  all  of  the  water  at 
any  time.  This  maybe  done  by  leading  a  pipe  from  the  lowest 
part  of  the  boiler  and  providing  a  cock  or  valve  so  that  it  can 

rged  at  pleasure.     The  pipe  leading  from  the  boiler 
re  a  visible  outlet,  so  in  case  there  is  any  leak  it  can 
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and  stopped.     The  writer  prefers  a  cock  (Fig.  ISS)^ 


1  valve  for  use  on  the  blow-off 


pipe, ; 


it  is  less  likely  to  be  stopped  by  scale  or 
sediment  from  the  boiler. 

In  case  the  water  of  condensation  from 
*  the  heating  coiis  is  not  returned  to  the 
boiler  it  is  necessary  to  blow  off  some  of 
the  water  very  frequently  in  order  to  lessen 
the  deposition  of  scale  or  dirt  on  the  bottom 
of  the  boiler, 

93.  Expansion-Tank.— An  expansion- 
tank  will   be  needed  Iti  hot-water  heating 
Fir.,  155.— Packed     systems.      With    increase    of   temperature 
Pluh  cock.  from   40°    F.    to   the    boiling-point,    water 

expands  4.66  parts  in   100,  or  nearly  5  per  cent.     The  force 

of  expansion  is  nearly  irresistible,  and  the  increase  in  volume 

due  to  it  must  be  provided   for,  so  as 

not    to    produce    a    dangerous    press- 
ure. 

The  method  ordinarily  adopted  con- 
sists in  the  use   of   a  vessel  called   jin 

expansion-tank,  whose  cubical  contents 

must    be  somewhat   greater   than   oiu* 

twentieth  of  the  total  cubical  content-. 

of    heater,     pipes,    and     radiators.       It 

must  be  connected  to  the  heating  r 

tern  in  such  a  way  as  to  receive  the 

crease  in  volume,  and  should  be  pla 

on  a  level  somewhat  above  that  of    1 

highest  radiating  surface. 

If  there  is  to  be  no  sensible  inert 

in  pressure  due  to  expansion  the  tank 

is  connected  with  the  outside  air  by  a 

vent-pipe,  and  in  this  case  the  pressure 

inside  will  be  atmospheric  ;  thepres.sure 

on  the  heating  system  will  depend  on   the  distance  from  the 

water-level  in  the  tank,  each  foot  corresponding  to  O.435  pounds 

per  square  inch  (2^  feet  being  equivalent  to  1 

pressure  at  212*  F.^. 


\ 
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Tn  case  a  pressure  in  excess  of  the  atmosphere  is  required, 
the  vent  pipe  Is  closed  and  a  safety-valve  attached  which  will 
open  when  the  pressure  reaches  the  desired  point.     By  increas- 

fing  the  pressure  on  the  system  the  boiling  temperature  of  the 
water  will  be  much  increased,  and  hence  it  will  be  possible  to 
maintain  a  higher  temperature  throughout  the  system.  As 
showing  the  increase  in  temperature  of  the  boiling  point  with 
excess  of  pressure,  the  following  table  is  inserted  : 

^f  Pressure  systems  of  hot-water  heating  were  used  at  one 
time  to  a  considerable  extent  in  England,  under  what  was 
known  as  the  Perkins*  system,  in  which  small  pipes  and 
exceedingly  high  pressures  and  temperatures  were  used.  It 
has  also  been  used  to  some  extent  in  this  country  in  the  K^ker 
system  of  car-heating. 

The  advantages  of  the  pressure  system  are  those  which  aie 
due  simply  to  the  use  of  higher  temperatures  and  smaller  radi- 
ating surfaces ;  the  disadvantages  are  the  danger  of  an  explosion 


pTBHire. 
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190  HEATING  AND    VENTILATING  BUILDINGS. 

which  would  be  likely  to  happen  were  the  safety-valve  inoper- 
ative, or  did  any  part  of  the  apparatus  give  way.  The  sudden 
liberation  of  a  considerable  body  of  water  having  a  temperature 
above  the  boiling  point  would  result  in  the  instantaneous  pro. 
duction  of  a  large  amount  of  steam,  which  might  produce  dis- 
astrous results. 

With  the  open  expansion-tank  it  seems  hardly  possible  that 
any  serious  accidents  could  result  even  from  the  most  careless 
management,  since  the  escape  of  steam  from  the  top  of  the 
expansion-tank  would  prevent  the  accumulation,  of  pressure. 
To  prevent  accident  the  expansion-tank  should  be  connected 
to  the  heater  by  a  pipe  protected  from  frost  and  without 
stop  or  valve,  so  as  to  render  it  impossible  to  increase  the 
pressure  on  the  system  by  stoppage  of  the  connection. 

It  is  desirable  to  provide  the  expansion-tank  with  a  glass 
water-gauge  showing  the  depth  of  water,  and  a  connection  to 
the  supply-pipe  for  adding  water  to  the  system.  In  case 
the  expansion-tank  occupies  a  cold  location  where  it  might 
freeze  in  extreme  weather,  a  small  pipe  connected  with  the 
circulating  system,  in  addition  to  those  described,  should  be 
run  to  the  tank  and  connected  at  a  higher  level  than  the  ex- 
pansion-pipe,  so  as  to  insure  circulation  of  warm  water. 

94.  Form  of  Chimneys. — The  form  and  size  of  the  chim- 
ney is  of  great  importance  in  connection  with  the  satisfactory 
operation  of  a  heating  plant,  and  it  should  in  every  case 
receive  the  closest  inspection  before  guarantees  of  capacity  are 
made. 

It  will  be  found  that  for  a  specified  area  a  round  chimney 
will  have  the  most  capacity,  but  in  ordinary  building  construc- 
tion such  a  chimney  is  difficult  to  construct  and  is  not  ordi- 
narily built.  A  square  chimney  of  the  siime  area  has  some- 
what more  friction,  and  one  with  a  rectangular  narrow  flue 
very  much  more,  so  that  an  increase  in  area  proportional  to  ex- 
cess of  perimeter  should  be  made  for  such  cases.  The  chimney 
should  be  as  smooth  as  possible  on  the  inside  ill  order  to  pre- 
vent loss  of  velocity  by  friction,  and,  if  of  brick,  the  flue  should 
in  every  case  be  plastered.  In  the  construction  of  chimneys  it 
is  better  that  the  inside  be  made  with  a  thin  wall  not  con- 
nected in  any  way  with  the  outside,  both  in  order  to  permit 
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rTra^xpansion  of  the  inner  layer  of  the  chimney  with  the  heat 
and  also  to  secure  the  advantage  of  the  non-conducting  power 
of  an  air  space  between  the  inside  and  outside  walls.     Such  a 
construction  is  common  for  chimneys  for  power  purposes,  but  ' 
is  not  ordinarily  applied  to  those  used  in  buildings, 

95.  Sizes  of  Chimneys. — The  area  of  cross-section  required 
for  a  given  chimney  will  depend  upon  its  height  and  also  upon 
the  amount  of  coal  to  be  burned.  The  conditions  which  aHect 
chimney  draft  are  so  numerous,  and  so  difficult  to  consider  in 
I  any  theoretical  discussion,  that  empirical  or  practical  formuL-e  , 
derived  from  the  study  of  actually  existing  plants  are  prob- 
ably more  satisfactory  than  those  obtained  from  purely  tlieo-  J 
rctical  computations.  Of  the  various  formulae  which  have 
been  given  for  the  capacity  of  chimneys  the  writer  prefers 
that  of  William  Kent,  from  wliich  the  accompanying  table  is 
computed. 


e  chimney  shall  hai 


Kent's  formula  is  compuicti  on  the  asaumpti^..  l.....  l..^  v.<ii<«.v} 
1  diameter  two  inches  {(reater  (ban  that  required  for  passage  of  [he  air,  in  order 
.0  compeiisate  for  friction.     The  folloninK  is  his  formula  : 


^  o.3tf  ^ 


('Vai 


which  /I  =  actual  area  In  square  (e«t  of  the  chimney.  £  =  effective  are. 
=  beighl  in  feci,  .S'  =  side  of  ihe  squaxe  in  inches.  //  =  hotse-poner  oF  plan 
li  aie  let  R  —  number  ol  square  feet  of  radiating  surface  to   be   suppliei 
[   (hen.  Article  73,  page  173, 

Ji  =  lOOffj 

1  from  which  E  =  '■^^. 


The  table  gives 
L  lot  various  heights 
F  creased  by  9 


equlvAknl  of  the  insctilicd  ruund  nne. 


ameicr  of  round  or  side  of  square  chimneys  in  Inches 
Dutcd  from  the  above  formulz.  with  the  diameter  in- 
fer  friction.     A   square   chimney  is  considered   the 


A 
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DIAMETER   OR  SIDE   OF   CHIMNEY   IN   INCHES  REQUIRED  FOR 
VARYING  AMOUNTS  OF  DIRECT  STEAM-RADIATING  SURFACE. 


Height  of  Chimney  in  Feel 


Square  Feet  of 
Steam  Ra- 
diation. 

250 

500 

7£0 

1,000 

1,500 

3,000 

3.000 

4,000 

5.000 

6,000 

7,000 

8,000 

g.ooo 

10,000 

15,000 

20,000 

30,000 


Horse- 
power. 

2.5 

5.0 

7.5 
10.0 

15.0 
20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100. o 

150.0 

200.0 

300.0 


7.4 

9.6 

II. 3 
12.8 

15.2 
17.2 
20.6 
23.6 
26.0 
28.4 
304 

32.4 
34.0 

37.0 


80 

40 

60 

•0 

80 

100 

70 

6.7 

6.4 

6.2 

6.0 

6.0 

9.2 

8.8 

8.2 

8.0 

6.6 

7.3 

10.8 

10.2 

9.6 

9.3 

8.8 

8.5 

12.0 

II. 4 

10.8 

10.5 

10. 0 

9-5 

14.4 

13.4 

12.8 

12.4 

II  5 

II. 2 

16.3 

15.2 

14.5 

14  0 

13.2 

12.6 

18.5 

18.2 

17.2 

16.6 

15.8 

15.0 

22.2 

20.8 

19.6 

19.0 

17.8 

17.0 

24.6 

23.0 

21.6 

21.0 

19.4 

18.6 

26.8 

25.0 

23.4 

22.8 

21.2 

20.2 

28.8 

27.0 

25.5 

24.4 

23.0 

21.6 

30.6 

28.6 

26.8 

26.0 

24.2 

23.4 

32.4 

30.4 

28.4 

27.4 

25.6 

24.4 

34.0 

32.0 

30.0 

28.6 

27.0 

25.4 

•  •  •  • 

38.4 

36.2 

35.0 

33.0 

31.0 

•  •  •  • 

430 

42.0 

41.0 

37.0 

35.0 

•  •  •  • 

•  •  •  • 

50.0 

48.0 

46.0 

43.0 

120 


6.0 
7.0 

8.2 

9.2 
10.8 
12. 1 

14.4 
16.3 
18.0 

19  5 
20.3 

22.2 

23.4 
24.6 
2q.2 

34.0 

41.0 


For  other  kinds  of  heating  multiply  the  radii^ting  surface  by  the  following 
factors  :  Hot- water  heating  1.5,  indirect  steam  0.7,  hot-blast  heating  0.2. 

96.  Chimney-tops. — The  draft  of  a  chimney  is  influenced 
to  a  great  extent  by  the  conditions  of  the  surrounding  space. 
If  other  buildings  exist  in  the  vicinity  of  such  a  form  as  to  de- 
flect the  currents  of  air  down  the  chimney,  the  draft  will  be 
impaired  and  may  be  entirely  destroyed.  The  objects  which 
tend  to  produce  downward  air-currents  may  sometimes  be 
situated  a  considerable  distance  from  the  chimney  and  thus  ren- 
der the  specific  cause  of  poor  draft  very  difficult  to  determine. 
The  remedy  for  a  smoky  chimney  is  sometimes  difficult  to  ap- 
ply, but  usually  the  draft  will  be  improved,  first,  by  increasing 
the  height  of  the  chimney ;  second,  by  adopting  some  form  of 
chimney-top  which  utilizes  the  force  of  horizontal  currents  to 
aid  by  induction  in  increasing  the  draft. 

The  writer  found  that  curved  trumpet-shaped  tubes  located 
with  the  small  ends  projecting  into  the  chimney  in  an  upward 
direction  increased  the  draft  materially  when  the  wind  was 
blowing  into  the  openings,  and  there  is  little  reason  to  doubt 
but  that  a  chimney-top  may  be  constructed  in  such  a  manner 
as  to  materially  increase  the  draft. 
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97-  Grates. — For  supporting  the  fuel  during  its  combus-   | 
I  tioii  in  sucli  a  manner  as  to  allow  a  free  passage  of  air,  a  per- 


fora 


of  < 


jired.     For 


P; 


orated  mctaiiic  constructic 

burning  very  fine  coal  the  perforation  must  be  small  and  close 

together  ;  for  burning  larger  sized  coal  the  perforations  may  be    I 

larger  and  further  apart.     The  area  of  the  air-spaces  compared 

I  with  the  loUl  area  of  the  grate  should  be  about  50  per  cent  in 

f  order  to  secure  best  results,  but  they  will  more  generally  be 

found   to   be    30  to  40  per  cent.     The  grates  are  usually  con- 

Iructcd  of   cast  iron   and   in  a  very  great   variety  of  forms, 

kas  shown  in  Figs.  157  and  158.  In  some  instances  a  series  of 
parallel  bars  is  used  ;  in  others  the  grates  are  made  in  one  solid 
[ 


I 


Fig.  157. 


DtPFEkENT  Forms  ( 


Grates,         Fig.  158. 


casting.  This  latter  practice  is  never  one  to  be  recommended. 
The  solid  grate  is  likely  to  break  from  expansion  strains  due  to 
heating  unless  made  in  such  form  that  the  various  parts  are 
free  to  expand  independently. 

Nearly  all  heating. boilers,  hot-water  heaters,  and  furnaces 

[  are  supplied  with  some  form  of  shaking-  and  dumping-grate. 

Many  of   these   grates   arc    known     from    experience  of  the 

writer  to   give  most  excellent  satisfaction,  and  doubtless  all 

present  points  of  merit.     The  various  shaking-grates  operate 

I  in  nearly  every  way,  and  it  is  hard  to  conceive  either  a  form  of 
^rate-bar  or  a  metliod  of  shaking  which  is  not  exemplified  in 
some  of  these  grates.  Some  of  the  bars  are  flat  or  rectangular 
in  shape,  and  are  operated  by  shaking  backward  and  forward  ; 
Others  are  triangular  and  are  continually  rotated  so  as  to  pre- 
sent successively  new  surfaces  to  the  fire  each  time  they  arc 
shaken.  The  shaking-grate  will,  in  general,  be  found  much 
•Uperior  to  the  fixed  one,  and  a  furnace  fitted  with  such  yrales 
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is  more  easily  managed  and  more  cleanly  than  one  with  a  fixed 
grate  of  any  description. 

98.  Traps. — In  all  systems  of  gravity  steam-heating,  the 
water  of  condensation  returns  directly  to  the  boiler,  and  no 
appliance  either  for  maintaining  a  water-line  in  the  building  or 
returning  the  condensed  steam  to  the  boiler  is  required.  But 
there  are  cases  in  which  it  is  necessary  to  maintain  the  water- 
line  at  a  certain  definite  height,  and  also  to  prevent  the  escape 
of  steam  without  interfering  with  the  discharge  of  condensing 

water.  For  this  purpose  a  steam-trap  is  re- 
quired. One  form  of  a  steam-trap  which  has 
always  been  used  to  a  greater  or  less  extent  for 
this  purpose  is  a  siphon  made  in  the  shape  of 
a  U  bend,  or  its  equivalent  of  pipe  and  fit- 
tings, as  shown  in  Fig.  159.  It  consists  of  two 
legs,  AB  and  BC^  which  may  be  close  to- 
gether or  any  distance  apart,  but  the  length  of 
which  must  be  sufficiently  great  to  prevent 
pressure  acting  through  the  pipe  FA  forcing 
the  water  out  of  BC.  CE  is  a  vent-pipe  ex- 
tending to  the  air ;  D  is  the  discharge  for  the 
condensed  water.  In  ordinary  operation  the 
leg  CB  is  filled  with  water  which  is  constantly 
overflowing,  and  AB  with  steam  and  water;  the  total  pressure 
in  both  legs  being  in  each  case  equal. 

The  siphon-trap  may  be  open  to  the  objection  that  it  will 
require  a  great  deal  of  vertical  room  if  the  pressure  is  great ; 


j^mmmrn^ 


m 


B 

Fig.  i5(^ 
Siphon-trap. 


for  this  reason  traps  with  mechanical  movements  of  some  kind 
are  u.sually  preferred.  The  simplest  of  these  traps  contains  a 
float  (Fig.  160)  which  rises  and  falls  with  change  of  level  of  the 
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water  in  the  vessel.  Rising  above  a  certain  point,  it  opens  a 
discharge-valve  ;  failing  below,  it  closes  it.  Traps  of  this  class 
arc  made  of  a  great  many  designs.  In  some  instances  traps 
are  made  as  in  Fig.  i6i,  in  which  a  weight  W  is  used  instead  of 


a  float  and  is  nearly  counter-balanced  by.the  weight  D.     As  the 

water  rises  in  the  trap  it  tends  to  lift  the  weight  Wan  amount 

proportional  to  its  volume,  thus  opening  a  discharge- valve  at  B. 

When  the  water  falls,  the  vaive  is  closed.     It  is  noted  that 

the  counter-weight  D  is  always 

above  the  water-line  P.  g 

A  large  number  of  traps  are 

J  made  with  a  hollow  metallic  float 

I  or  bucket,  so  arran>;ed  as  to  open 

1  a  valve  when  the  bucket  is  full  of 

er.     One  form  is  shown  in 

I  Fig.    162,   in   which   the    water 

inters  the  trap  at  A,  filling  the 

I  space  5  between  the  bucket  and  the  walls  of  the  trap.     This 

I  causes  the  bucket  to  float,  and  thus  to  close  an  orifice  in  the 

I  discharge-pipe  V.     When  the  water  rises  above  the  edges  of  the 

I  bucket  it  flows  into  it  and  causes  it  to  sink,  which  opens  the 

I  dischai^e-valve  at  V.    The  water  is  forced  out  through  the  pipe 

I  ^  by  the  steam  pressure  acting  on  the  surface  55. 

The  bucket  traps  are  made  in  great  variety,  both  as  to 
[  form  of  valve,  guides  for  bucket,  etc.  Fig.  163  shows  one 
I  of  the  traps  which  is  in  common  use,  with  all  details  of  con- 
I  fitniction. 

Another  extensive  class  of  traps  are  made  so  as  to  be  closed 
I'by  the  expansion  due  to  increase  in  temperature.  These  traps 
Idiffer  from  each  other  very  much  in  form  ;   the  principle,  how- 
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1  the  diagram.  Fig.  164, 


ever,  is  in  all  cases  the  same, 
steam  is  supplied  at^  and  discharged  at  B.  The  bent  springs 
5  are  prevented  by  guides  (rom  moving  laterally,  so  that  the 
expansion  due  to  heat  causes  a  motion  which  closes  the  orifice 
in  the  discharge-pipe  B,     When   the  water  in  the  traps  coots 


the  valve  opens.     The  materials  used  for  traps  of  this  cl: 
can  be  metallic  or  some  composition  of  material  like  that  em 
ployed  for  air-valves.     The  discharge  can  be  arranged  to  take 
place  from  the  bottom  or,  as  shown  in  the  diagram,  from  thi 


F:tJ.   164— EsPANsioN- 


Traps  which  combine  one  or  more  of  the  principles  of 
operation  as  described  are  on  the  market.  Thus  Fig.  165  rep- 
resents a  trap  with  two  valves  in  which  one  valve  is  opened  by 
expansion,  the  other  by  a  float. 

The  bucket  traps  have  generally  proved  the  most  reliable 
and  less  likely  to  be  injured  by  use.  The  float-traps  have  been 
liable  to  failure  because  of  leakage  of  the  float,  but  recent 
improvements  in  manufacture  render  this  accident  quite 
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piobable.  All  traps  need  periodical  inspection,  as  the  valves 
arc  likely  lo  become  more  or  less  choked  up,  in  which  case 
the    trap  may   fail  lo   operate.     AH    of   the    traps  described 


;^m 


\ 


Fig.  165,— Combine n  Flci.m-  am 
will  discharge  the  water  to  a  height  which  corresponds  to  the 
steam-pressure  in  use,  and  hence  when  used  with  high-pressure 
steam  will  lift  water  to  a  considerable  distance;  but  in  no  case 
will  they  return  the  water  into  the  boiler  from  which  rhe  steam 
was  received.  For  this  purpose  a  trap  of  considerable  more 
complexity,  known  as  a  return-steam  trap,  must  be  used. 

99.  Return-traps. — Traps  which  receive  the  water  of  con- 
densation and  return  it  to  a  boiler  having  considerably  highei 
pressure  steam  than  that  acting  on  the  returns,  are  known  a 


rrturn-traps.  They  are  made  in  quite  a  variety  of  forms,  but 
^^  the  general  principle  of  operation  is  shown  by  the  diagram 
^H  Fig.  166.    In  this  figup»r^i5|ji-^nl5tli5^oiler  and  AB  the 
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which  is  located  above  the  boiler  and  is  supph'ed  with  steam 
(roin  the  boiler  at  A.  It  is  connected  with  the  return  system 
by  2  pipe  leading  from  the  tank  or  drum  P,  and  pipe  dis- 
cliarging  into  the  trap  at  E.  A  pipe  leads  from  the  bottom  of 
the  trap  £and  connects  below  the  water-line  with  the  boiler. 
Check-valves  are  located  at  C  and  C,  which  permit  the  flow  to 
take  place  toward  the  boiler  only.  The  essential  method  of 
operation  of  tiie  trap  is  as  follows  :  First,  water  flows  into  the 
trap  from  the  return  P.  until  it  reaches  a  certain  level,  i 
it  acts  on  the  float  B  so  as  to  open  a  balanced  steam-v 


^  ch 

L 


called  an  ^^aa/iWWjf-T'ai'/r, connected  to  the  main  pipe^.     This 
permits  steam  from  the  boiler  to  enter  the  trap,  which  equal- 
izes the  pressure  of  steam  in  the  trap  and  boiler.     The  water 
in  the  trap,  because  of   its  greater  density,  then  commences^ 
to  flow  out  through  the  pipe  B,  and  need  only  cease  wheal 
the  level  becomes  nearly  the  same  as  in  the  boiler.     The  di*-  ^ 
charge  of  the  water  causes  the  float  B  to  fall,  which  closes  the 
ing  valve,  and  the  operation  as  described  is  again  re- 
peated, 

Instead   of  a  float  a  bucket  may  be  used  to  i 


A 
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I  equalizing-valve,  acting  tn  a  manner  similar  to  that  describedl 
for  the  ordinary   bucket  trap.     A   section   of   such  a  trap  i 
shown  in  Fig,  167. 

The  bucket  is  probably  superior  to  the  float  for  this  pui 
pose,  since  it  is  less  likely  to   be  affected  in  its  operation  by  J 
change  in  density  or  pressure  of  the  steam. 

t       Various  other  systems  for  opening  and  closing  the  equaliz-l 
ing-vaJve  have  been  adopted,  of  which  one,  shown  in  Fig. 
consists 


rap  so  that  it  will   move  into  one 

:nto  another  when  full,  the  motion 

d  close 


consists  in  mounting  tlie 
position  when  empty  and 

so  obtained  being  used  to  open  and  close  the  equa!izing-valv< 
A  different  construction   fur  accomplishing  the  same  pui 
pose  is  shown  in  Fig.  169. 


Fro.  169— HeiUBN-rRAP. 

100.  General  Directions  for  the  Care  of  Steam-heating  \ 
Boilers. — Special  directions  will  be  no  doubl  supplied  by  the 
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maker  for  each  kind  of  boiler,  or  for  those  which  are  to  be 
managed  in  a  peculiar  way.  The  following  directions  are  gen- 
eral and  shoulc;}  always  be  observed,  regardless  of  the  kind  of 
boiler  employed : 

1.  Before  starting  the  fire  see  that  the  boiler  contains  water. 
Its  surface  should  stand  a  distance  of  from  one  third  to  one 
half  the  height  of  the  gauge-glass. 

2.  See  that  the  smoke-pipe  and  chimney-flue  are  clean  and 
that  the  draft  is  good. 

3.  Build  the  fire  in  the  usual  way,  using  a  quality  of  coal 
which  is  adapted  to  the  heater. 

4.  In  operating  the  fire  keep  the  fire-pot  full  of  coal  and 
shake  down  and  remove  all  ashes  and  cinders  as  often  as  the 
state  of  the  fire  requires  it.  If  a  magazine  heater  is  used  it 
must  be  kept  full  of  coal. 

5.  Hot  ashes  or  cinders  must  not  be  allowed  to  remain  in 
the  ash-pit  under  the  grate-bars,  but  must  be  removed  at  stated 
intervals  to  prevent  burning  out  of  the  grate. 

6.  To  control  the  fire,  see  that  the  damper  regulator  is 
properly  attached  to  draft-doors  and  damper;  then  regulate  the 
draft  by  weighting  automatic  draft-lever  as  required,  lightly  or 
not  at  all  in  mild  weather,  but  increasing  as  the  weather  be- 
coming colder. 

7.  Should  the  water  in  the  boiler  escape,  by  means  of  a 
broken  gauge-glass  or  other  mishap,  it  will  be  safer  to  dump 
the  fire  and  let  the  boiler  cool  before  letting  in  cold  water. 

/;/  HO  case  should  an  empty  boiler  be  filled  when  hot.  If  the 
water  gets  low,  but  not  out  of  sight,  in  the  gauge-glass,  extra 
water  may  be  added  at  any  time  by  the  means  provided  for 
this  purpose. 

8.  Occasionally  lift  the  safety-valve  from  its  seat  to  see  that 
it  is  in  good  condition. 

9.  Clean  the  boiler,  if  used  in  a  gravity  system  of  circulation, 
once  each  year  by  filling  with  pure  water  and  emptying  through 
the  blow-oflf  pipe.  If  the  steam  is  used  largely  for  power,  the 
boiler  must  be  cleaned  at  frequent  intervals.  In  casg..  the 
boiler  should  become  foul  or  dirty  it  can  be  thoroughly  cleaned 
by  adding  a  few  pounds  of  caustic  soda  and  allowing  it  to 
stand  one  day,  then  emptying  and  thoroughly  rinsing.  Kero- 
sene oil  will  loosen  boiler  scale  and  not  injure  the  boiler,  but 
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\:^  odor  will  be  quite  likely  to  penetrate  the  whole  building  in 
.  riich  the  heating  system  is  located. 

ro.  During  the  summer  months  the  writer  would  recom- 
mend that  alt  the  water  be  drawn  off  from  the  syiHem  and  that 
air-valves  and  safety-valves  be  opened,  to  permit  the  heater  to 
dry  out  and  remain  so.  Good  results  are,  however,  obtained 
by  filling  the  heater  full  of  water,  driving  off  the  air  by  boil- 
ing slowly,  and  allowing  it  to  remain  in  this  condition  until 
needed  in  the  fall.  The  water  should  then  all  be  drawn  off  and 
fresh  water  added. 

1 1.  Keep  the  fire  surfaces  of  the  boiler  clean  and  free  from 
soot.     For  this  purpose  a  brush  is  provided  with  most  healers. 

12.  In  case  any  of  the  rooms  are  not  heated,  look  out  for 
the  steam-valves  at  th«  radiators.     If  a  two-pipe  system,  both 

s  at  each  radiator  must  be  opened  or  closed  at  the  same 
inie,  as  required.  See  that  the  air-valves  arc  in  proper  condi- 
If  a  one-pipe  system,  one  valve  only  has  to  be  opened 
r  closed. 

13.  If  the  building  is  left  unoccupied  in  cold  weather,  draw 
J  the  water  out  of  the  fystem,  which  can  only  be  done  by 

\  blow-off  pipe,  all  radiators,  and  air-valves. 

lOl-  Care  of  Hot-water  Heaters. — The  general  direc- 
pons  for  the  care  of  steam-heating  boilers,  Article  100,  apply  in 
a  general  way  to  hot-water  heaters  as  to  the  methods  of  caring 
(or  the  fires  and  for  cleaning  and  filling  the  heater.  The  special 
points  of  difference  only  need  to  be  considered.  All  the  pipes 
and  radiators  must  be  full  of  water  and  the  expansion-tank 
should  contain  some  water,  as  shown  by  the  gauge-glass  or  by  the 
f  ressure-gauge:  and  this  condition  should  bedetermined  before 
building  a  fire  and  whenever  visiting  the  heater  for  the  pur- 
pose of  replenishing  the  fuel.  Should  any  of  the  radiators  not 
circulate,  see  that  the  radiator  valve  is  open  then  open  air- 
valve  until  the  water  runs  out.  after  which  it  mu.-it  be  closed 
tight.  Water  must  always  be  added  at  the  expansion-tank 
when  for  any  reason  it  is  drawn  from  the  system. 

I02.  Boiler  Explosions.  —  Holler  explo.iions  sometimes 
with  disastrous  results.     They  are  not  limited  to  boilers 

which  high-pressure  steam  is  employed,  but  also  occur  in 
pome  instances  with  low-pressure  boilers  employed  in  heating. 


iwi 
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The  cause  of  a  steam-boiler  explosion  is  in  every  case 
an  excess  of  pressure  above  that  of  the  strength  of  the  boiler. 
The  effect  of  this  is  primarily  to  rupture  a  part  or  portion  of 
the  boiler,  relieving  the  pressure  on  the  side  of  the  rupture. 
This  leaves  unbalanced  all  the  pressure  acting  on  the  opposite 
side  of  the  boiler,  which  usually  is  sufficient  to  project  the 
boiler  into  the  air  with  considerable  velocity.  As  showing  the 
amount  of  force  which  exists  even  with  small  pressures  we 
would  have  for  each  square  foot  of  the  boiler  with  lo  pounds 
pressure  above  the  atmosphere  a  force  of  1440  pounds  per 
square  foot  of  surface,  applied  to  move  it  as  a  projectile.  If 
the  pressure  were  ten  times  as  great  the  force  would  be  ten 
times  greater,  and  the  effect  many  times  worse.  The  disaster 
caused  by  the  explosion  would  depend  largely  upon  the  sud- 
denness with  which  this  force  was  applied  ;  if  it  were  applied 
gradually  no  bad  results  might  follow;  if  applied  instantly  the 
results  might  equal  the  explosion  of  a  large  amount  of  dyna« 
mite.  Boilers  sometimes  explode  because  of  defective  mate- 
rial, poor  construction,  or  overheating  of  parts  ;  they  also  some- 
times explode  because  of  defects  in  the  safety-valve  or  in  the 
appliances  for  showing  the  true  level  of  the  water;  but  in  all 
cases  the  immediate  cause  of  the  explosion  is  over-pressure. 
The  causes  which  lead  to  the  formation  of  steam  with  a  pres- 
sure in  excess  of  that  of  the  strength  of  the  boiler  are  vari- 
ous ;  one  of  them  is  the  practice  of  permitting  the  water  in 
the  boiler  to  get  low  and  then  supplying  feed-water,  which 
because  of  the  highly  heated  condition  of  the  surfaces  is  rapidly 
converted  into  steam,  causing  the  pressure  to  become  execs- 
sively  high. 

It  is  not  necessary  to  suppose  that  boiler  explosions  are 
caused  by  any  mysterious  force  which  is  suddenly  developed 
in  the  boiler.  On  the  other  hand,  the  amount  of  force  which  is 
stored  in  the  hot  water  and  steam  is  sufficient  to  produce  at  aiiy 
time  a  terrific  explosion,  provided  the  necessary  opportunity  is 
presented.  Dr.  R.  H.  Thurston  has  computed  the  energy  stored 
in  varidus  classes  of  boilers  under  the  ordinary  conditions  of 
working,  and  the  following  table  shows  some  of  the  principal 
results  of  that  calculation  and  will  give  some  idea  of  the  enor 
mous  force  stored  in  heated  water  and  steam : 
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Explosions.  Jo  Theoiy  and  Practice,"  by  R.  H.  Thi 

Considering  the  lotal  number  of  heating-boilers  in  use  in  the 
United  States  the  number  of  explosions  is  very  small,  so  that 
if  we  suppose  no  improvement  in  construction  over  the  ordi- 
nary methods,  the  risk  which  any  person  would  run  is  very 
slight :  and  it  seems  quite  probable  that  if  one  were  to  use  a 
heating-boiler  assafe  as  the  average  bniler,  the  chances  would  be 
that  if  he  did  not  die  ui>til  killed  from  this  cause  he  would  live  to 
be  10,000  years  old.  That  is,  estimating  from  the  total  number 
of  boilers  in  use  for  heating,  as  compared  with  the  numb^ir  of 
explosions  of  such  boilers,  the  chances  are  that  one  per  year 
in  ten  thousand  would  explode. 

Some  disastrous  explosions  of  heating-boilers  have,  how- 
ever, occurred  in  the  United  States,  of  which  may  be  mentioned 
that  at  the  Central  Park  Hotel,  Hartford,  Feb.  17,  1889.  in 
which  fifteen  people  were  killed  and  the  hotel  entirely  de- 
stroyed ;  also  the  boiler  explosion  at  St.  Mary's  Church.  Fort 
Wayne,  Ind.,  in  which  the  church  and  priest's  housewere  ni-^rlj- 
lorn  down,  which  occurred  Jan.  13,  1886;  another  at  Ddl 
Brown's  Hotel,  Eagle  Bridge,  N.  Y.,  Dec.  20,  188S,  in  which 
several  people  were  injured  and  the  building  badly  wrecked. 
Also  various  other  explosions  doing  less  damage. 

1  seem,  from  a  study  of  the  boilers  which  are   in- 
[plosions,  that  no  boiler  is  entirely  free  from  the  dis- 
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astrous  effects  of  an  explosion  when  it  is  badly  managed;  but 
on  the  other  hand  it  also  appears  that  the  sectional  boilers,  or 
boilers  in  which  the  water  occurs  in  small  quantities,  are  subject 
to  injuries  which  are  comparatively  slight  and  generally  easily 
repaired.  So  far  as  the  writer  can  find  from  a  study  of 
all  the  explosions  recorded  in  the  United  States,  the  water- 
tube  boilers,  or  those  with  small  masses  of  water,  are  singu- 
larly exempt  from  disastrous  explosion.  They  are,  however, 
quite  likely  to  have  some  part  broken  away,  in  which  case  the 
pressure  on  the  boiler  is  relieved  quickly  enough  to  avert  a 
serious  explosion.  The  worst  accidents  which  usually  happen 
to  the  sectional  boilers  are  those  due  to  the  burning  out  of  a 
tube  or  some  easily  replaceable  part.  This  results  ordinarily 
in  a  very  severe  leak,  which  can,  however,  be^  repaired. 

The  total  number  of  boiler  explosions  for  the  United  States 
for  all  classes  of  boilers  average  about  255  per  year,  and,  as  re- 
ported by  the  Locomotive^  they  have  been  as  follows  for  the 
last  ten  years : 
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The  following  table  gives  the  total  number  in  Great  Britain 
for  the  same  time : 
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Thistablo  would  seem  to  indicate  that  the  explosions  ui 
country  were  more  disastrous,  so  far  as  taking  life  is  concen 
as  in  this  country  two  people  were 
killed  for  about  every  three  ex- 
plosions, whereas  in  Germany  and 
Great  Britain  we  have  about  twice 
as  many  explosions  as  deaths.  This 
is  probably  due  to  the  (act  that 
the  statistics  in  this  country  classify 
as  boiler  explosions  only  those  which 
are  markedly  disastrous,  whereas  in 
France  and  Germany  every  leak  or 
break  which  appears  from  this  cause 
is  recorded  as  an  explosion. 

As  showing  the  disastrous  effects 
often  produced  by  a  boiler  explo- 
sion, the  following  is  abstracted 
{rom  Thurston's  Manual  of  Steam- 
boilers.      FiET.  170  shows  the  boiler-  ^      „         ^*^-  ""-  ^ 

,     ,    ^      i  The  Roilek  befqke  Exrm 

room   before   the   explosion.     The 

toiler   was   made   of    -j^  iron,   was  3    feet   in   diameter, 
7  feet  high;    the   upper   tube-head  was  flush   with 
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top   of  the  shell,  the   lower  forming   the   crown   of  the  fur- 
nace, which  was  about  2  feet  above  the  grates  and  the  base 
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of  the  shell,  and  was  flanged  upon  the  inner  surface  of 
the  furnace.  There  was  a  safety-plug  in  the  lower  tube- 
head  which  was  not  melted  out.  The  working  pressure  was 
60  pounds  per  square  inch,  and  the  explosion  probably  took 
place  at  or  a  little  below  this  pressure, 
throwing  the  boiler  through  the  roof  and 
high  over  a  group  of  buildings  and  a  tall 
I  tree  close  by,  finally  burying  itself  half 
j  its  diameter  in  the  frozen  ground.  There 
[  had  been  a  leak  in  the  lower  head  which 
Fig.  173.  had  reduced  by  erosion  the  thickness  of 

^^^^%  o^^v^lli^l  tf^e  tubes  and  the  lower  head,  so  that  the 
pressure  was  sufficient  to  force  the  lower 
head  down  away  from  the  tubes,  opening  fifty  or  more  holes 
2  inches  in  diameter  from  which  the  fluid  contents  of  the 
boiler  issued  at  'a  high  velocity,  relieving  the  pressure  below 
and  converting  the  whole  boiler  into  a  great  rocket  weighing 
about  20CX)  pounds. 

103.  Explosions  of  Hot-water  Heaters. — While  hot- 
water  heaters  provided  with  an  open  expansion-tank  are  to  a 
great  extent  free  from  the  dangers  of  explosions,  still  it  is 
quite  possible  that  extreme  carelessness  in  erection,  the  freez- 
ing up  of,  connections  to  expansion-tank,  or  other  mishaps, 
might  render  the  apparatus  fully  as  dangerous  as  the  steam- 
boiler  under  its  most  unfavorable  conditions.  Some  very  dis- 
astrous explosions  have  occurred  of  hot-water  heating  plants 
when  operated  under  the  Perkins  or  high-pressure  system,  and 
it  seems  quite  probable  that  such  a  system,  even  under  the 
most  favorable  conditions,  is  more  dangerous  than  the  steam- 
heating  system.  The  hot-water  heating  system  should  be 
constructed  so  that  the  connection  between  the  expansion- 
tank  and  heater  cannot  by  any  possible  means  be  closed. 
The  placing  of  a  valve  in  this  connection  was  the  cause  of  a 
very  disastrous  explosion  in  a  residence  in  New  York  City 
quite  recently,  and  emphasizes  the  necessity  for  caution  in 
this  respect. 

104.  Prevention  of  Boiler  Explosions. —  Boiler  explo- 
sions are  probably  preventable  in  every  single  case  by  using, 
first,  boilers  properly  designed,  and   constructed  of  excellent 
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material  and  with  good  workmanship ;  and  second,  by  seeing 
that  all  appliances,  as  safety-valves,  blow-off  cocks,  feeding 
apparatus,  etc.,  are  in  excellent  order ;  and  third,  by  providing 
skilled  and  intelligent  attendance. 

Disastrous  results  are  usually  almost  entirely  prevented  by 
the  use  of  sectional  boilers,  and  for  heating  purposes  there 
are  at  the  present  time  comparatively  few  of  any  other  kind 
in  use. 

As  a  rule  heating-boilers,  especially  those  of  small  sizes, 
are  not  under  close  supervision,  but  are  attended  to  and 
visited  only  at  comparatively  long  intervals.  For  this  reason 
automatic  appliances  for  feeding  the  boiler  and  for  regulating 
the  pressure,  opening  and  closing  the  dampers,  are  usually 
supplied ;  hence  the  person  erecting  the  plant  should  exercise 
the  utmost  care  to  see  that  such  appliances  are  in  excellent 
order  and  of  such  character  as  are  likely  to  prove  durable  and 
reliable.  While  it  is  quite  certain  from  our  statistics  that  not 
one  boiler  out  of  ten  thousand  is  likely  to  explode  per  year, 
yet  nevertheless  the  contractor  should  always  bear  in  mind 
that  a  steam-boiler  is  in  every  case  a  magazine  of  stored 
energy,  and  if  badly  constructed,  poorly  erected,  or  carelessly 
managed  may  do  an  immense  amount  of  damage. 


CHAPTER   IX. 
VARIOUS  SYSTEMS  OF  PIPING. 

105.  Systems  employed  in  Steam-heating. — There  are 
two  systems  of  heating,  in  the  first  of  which,  known  as  the 
Gravity  Circulating  System,  the  water  of  condensation  from 
the  various  radiators  flows  by  its  own  weight  into  the  boiler  at 
a  point  below  the  water  line ;  in  the  second  the  water  of  con- 
densation does  not  flow  directly  into  the  boiler,  but  is  returned 
by  some  special  machinery  or,  in  some  cases,  wasted.  The 
second  system  is  often  called  the  High-pressure  System,  be- 
cause steam  of  any  pressure  can  be  produced  in  the  boiler,  a  por- 
tion of  which  may  be  employed  in  operating  engines,  elevators, 
etc.  It  is  very  seldom,  however,  that  this  high-pressure  steam 
is  used  in  radiators,  low-pressure  steam  being  obtained  directly 
from  the  boiler  by  throttling  or  passing  through  a  reducing- 
valve,  or,  in  some  instances,  indirectly  by  using  the  exhaust- 
steam  from  engines  or  pumps. 

In  this  chapter  we  shall  discuss  only  the  systems  of  piping 
used  with  gravity  circulating  systems  of  heating,  reserving 
for  a  later  chapter  a  description  of  the  methods  employed  in 
the  other  system  of  heating,  although  there  is  in  the  arrange- 
ment of  pipe  lines  very  Httle  which  pertains  to  either  system 
exclusively. 

106.  Definitions  of  Terms  used. — Certain  terms  have 
been  adopted  which  are  always  used  to  describe  definite  parts 
in  a  system  of  piping,  as  follows  : 

The  main  or  distributing  pipe  is  the  pipe  leaving  the  boiler 
or  heater  and  conveying  the  heated  products  to  the  radiating 
surfaces.  In  steam-heating  this  is  termed  the  main  steam-pipe, 
and  in  hot-water  heating  the  main  floiv-pipe.  It  maybe  car- 
ried from  the  boiler  without  branches  to  the  top  of  the  build- 
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ing(Fig.  173),  where  the  distributing-pipes  are  taken  off,  or  it 
may  run  in  a  horizontal  or  vertical  direction  from  the  heater, 
and  branch  pipes  taken  off  as  required.  The  pipes  in  which 
tile  flow  takes  place  from  the  radiating  surface  toward  the 
boiler  arc  called  relurn-pipes.  The  pipes  which  extend  in  a 
vertical  direction  are  termed  risers;  when  the  flow  in  these 
pipes  is  downward  they  are  called  relurn-risers. 

A  reiiffoT  drip  is  a  small  pipe  run  from  a  steam-main,  so 
as  to  convey  any  water  of  condensation  to  the  return  ;  it  must 
be  employed  at  all  points  where  water  is  likely  to  gather. 
For  illustration  of  use  see  Fig.  176, 

Pilch  is  the  inclination  given  to  any  pipe  when  running  in 
nearly  a  horizontal  direction.  In  general  the  inclination  or 
pitch  of  a  supply-pipe  should,  in  steam-lieating,  be  downward 
(fom  the  boiler,  and  arranged  so  that  the  water  of  condensa- 
tion will  move  in  the  same  direction  as  the  current  of  steam. 
In  hot-water  heating  the  pitch  should  be  upward  from  the 
tKtilcr.  In  all  return-pipes  the  inclination  should  be  down- 
ward, toward  the  heater  or  boiler. 

A  relay  is  a  term  sometimes  used  to  describe  a  sudden 
change  of  alignment,  or  "  jumping  up."  of  a  horizontal  pipe. 
This  is  often  necessary  in  a  long  line  of  piping  to  keep  the  pipe 
near  the  ceiling  and  preserve  the  necessary  pitch.  At  such 
points  a  drip  or  relief  must  permit  water  of  condensation  to 
flow  into  the  return. 

Water-line  is  a  term  used  to  denote  the  height  at  which  the 
water  will  stand  in  the  return-pipes.  It  is  usually  very  nearly 
the  same  as  the  level  of  the  water  in  the  boiler,  being  higher 
only  in  case  there  is  considerable  reduction  in  pressure  due  to 
iction.  In  healing  with  high-pressure  steam  it  is  desirable 
have  all  the  relief-pipes  discharge  into  a  return  filled  with 
water,  so  that  circulation  of  steam  shall  be  continuously  in 
one  direction;  this  is  of  less  importance  with  low-pressure 
steam,  provided  the  water  which  gathers  in  returns  can  move 
(reely  and  quickly  to  the  boiler. 

The  term  siphon  is  applied  to  a  bend  below  the  horizontal ; 

is  sometimes  used  in  the  main  return  to  hold  water  at  a  dif- 

;nt  level  from  that  in  the  boiler.     This  is  done  by  admitting 

im  to  the  top  part  of  the  bend  on  the  boiler  side  by  a  relief 
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from  the  main  steam-pipe.  It  is  similar  to  the  siphon-trap. 
Fig.  159,  Article  98.  If  the  relief  were  not  connected  to  the 
top  of  the  bend  the  water  would  pass  over  by  suction  into 
the  boiler. 

Steam-traps  zx^  vessels  designed  with  valves  which  open 
automatically  so  as  to  preserve  the  water-level  in  the  re- 
turns at  any  desired  point.  Various  kinds  are  described  in 
Chap.  VIII,  Article  98. 

Water-hammer  is  a  term  applied  to  a  very  severe  concus- 
sion which  often  occurs  in  steam-heating  pipes.  It  is  caused 
by  water  accumulating  to  such  an  extent  as  to  condense  some 
of  the  steam  in  the  pipe,  thus  forming  a  vacuum  which  is  filled 
by  a  very  violent  rush  of  steam  and  water.  The  water  strikes  the 
side  of  the  radiators  or  pipes  with  great  force,  and  often  so  as 
to  produce  considerable  damage.  In  general  a  water-hammer 
may  be  prevented  by  arranging  the  piping  in  such  a  manner 
that  the  water  of  condensation  will  immediately  drain  out  of 
the  radiator  or  pipes. 

A  bend  in  the  return  of  a  steam-  or  water-heating  system, 
when  convex  upward,  will  frequently  accumulate  air  to  such 
an  extent  as  to  prevent  circulation  in  the  system.  This  is 
designated  as  an  air-trap.  When  bends  of  this  character  must 
be  used  a  small  pipe  for  the  escape  of  the  air  should  be  con- 
nected with  the  highest  portion  of  the  bend  and  led  to  some 
pipe  which  will  freely  discharge  the  entrapped  air. 

An  air-vaive  is  not  ordinarily  to  be  recommended  for  such 
situations. 

107.  Systems  of  Piping. — The  systems  of  piping  ordinar- 
ily employed  provide  for  either  a  complete  or  a  partial  circulat- 
ing system,  each  consisting  of  main  and  distributing  pipes  and 
returns.  Several  systems  of  piping  are  in  common  use,  of 
which  we  may  mention  : 

First,  the  complete-circuit  system,  often  called  the  one-pipe 
system,  in  which  the  main  pipe  is  led  directly  to  the  highest 
part  of  the  building ;  from  thence  distributing-pipes  are  run  to 
the  various  return-risers,  which  in  turn  connect  with  the  radiat- 
ing surface  and  discharge  in  the  main  return.  The  supply  for 
the  radiating  surface  is  all  taken  from  the  return-risers,  and  in 
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some  cases  the  entire  downward  circulation  passes  through  th^ 
radiating  system. 

This  system  was  employed  by  Perkins  in  his  method  of  high- 
pressure    hot-water  heating,  and    is   mentioned    by  Peclet  a^l 


in  use  in  France  in  I830.  In  ihi.s  cuuntry  it  sccnis  to  have  been  \ 
introduced  into  use  by  J.  H.  Mills,  and  is  often  spoken  of  as  I 
the  Millssystem  of  piping.  Thesystem  is  equally  well  adapted  [ 
for  either  steam  or  hot-water  heating,  and  on  the  score  of  posi-  1 
tiveness  of  circulation  and  ease  of  construction  is  no  doubt  to   ' 
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be  commended  as  superior  to  all  Others.  It  is  principally  ob- 
jectionable because  the  horizontal  distribution-pipes  have  to  be 
run  in  the  top  story  of  the  building  instead  of  the  basement| 
which  may  or  may  not  be  of  serious  importance. 


Second,  a  partial-circuit  system,  in  which  the  main  flow-pi] 
rises  to  the   highest  part  of    the  basement  by  one  or  more 
branches,  from  whence  the  distributing-pipes  run  at  a  slight 
incline,  often  nearly  around  the  basement,  and  finally  coi 
with  the  boiler  below  the  water-line.     The  radiators  are 


con^H 
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nected  by  risers  which  carry  both  flow  and  return  from  and  to 
the  distributing  pipes,  as  shown  in  elevation  in  Fig.  174  and  in 
plan  in  Fig.  175.  This  method  of  piping  is  employed  exten- 
sively for  steam -heating,  and  is  perhaps  less  open  to  objection 
than  any  other. 


Third,  a  system  of  circulation  in  which  each  radiator  is  pro- 
vided with  separate  flow- and  return-pipes  (Fig.  176).  In  this 
case  the  riser  and  distributing  pipes  are  run  as  before,  but  arc 
connected  to  the  return  by  a  drip-pipe;  the  return  is  located 


214 


HEATING  AND    VENTILATING  BUILDINGS. 


below  the  water-line  of  the  boiler.  The  supply-riser  from  each 
radiator  is  taken  from  the  main  flow-pipe,  and  the  return-riser 
is  connected  to  the  main  return  below  the  water-level.  In  case 
two  connections  are  made  to  a  radiator,  one  for  supply  and  the 
other  for  the  return,  it  is  quite  important  that  the  connection 


of  the  return-riser  to  the  main  return  be  made  below  the  watier- 
level  of  the  boiler,  in  order  to  prevent  steam  flowing  from  two 
directions  to  the  radiator.     Such  a  condition  is  certain  to  cause 
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mer,  as  the  radiator  \ 


etain  water  of  condensa- 


V 


water-ham 
tion. 

Various  modifications  o£  this  third  system  have  been  used  ■ 
from  time  to  time  with  greater  or  less  success.  For  instance, 
each  radiator  has  in  some  cases  been  connected  to  a  separate 
flow  and  return  riser,  and  in  other  cases  simply  to  a  separate 
return  riser.  These  modifications  are  unimportant  and  hardly 
worthy  of  notice. 

Io8.  Methods  of  Piping  Used  in  Hot-water  Heating.— 
A  system  of  hot-water  heating  siiould  present  a  perfect  system 
of  circulation  from  the  heater  to  the  radiating  surface  and  thence 
back  to  the  heater  tlirougti  the  returns;  an  expansion-tank 
being  provided,  as  explained,  to  prevent  exce-ssive  pressure  due 
to  the  heating  and  the  consequent  expansion  o(  the  water.  Tlia  « 
direct-circuit  system,  as  described  tor  steam-heating,  Fig.  173,  ' 
well  adapted  for  hol-water  heating,  and  has  been  used  to  a  \ 
limited  extent.  When  this  system  is  employed  for  hot-water 
heating  two  connections  are  usually  taken  off  from  the  return 
riser  at  different  levels  for  each  radiator,  as  shown  in  Fig.  103, 
page  1 14 ;  although  in  some  cases  a  single  connection  is  made 
and  a  radiator  of  ordinary  form  employed,  otherwise  the 
method  of  piping  is  exactly  similar  to  that  described  for  steam- 
heating. 

The  system   of  piping  ordinarily  employed   for  hot-water 
heating  is  illustrated  in  Fig.  177.     In  this  system  the  1 

listributing  pipe  have  an  inclination  upward  from  the 
heater;  the  returns  are  parallel  to  the  main  and  have  an  inclina* 
tion  downward  toward  the  heater,  connecting  at  its  lowest  part. 
The  flow-pipes  are  taken  from  the  top  of  the  maiu  and  supply 
one  or  more  radiators.  The  return-risers  are  connected  with 
the  return-pipe  in  a  similar  manner.  In  this  system  great  care 
must  be  taken  to  produce  nearly  equal  resistance  to  flow  i 
the  branches  leading  to  the  different  radiators.  It  will  be  found 
that  invariably  the  principal  current  of  heated  water  will  take 
the  path  of  least  resistance,  and  that  a  small  obstru 
irregularity  in  piping,  etc.,  is  sufficient  to  make  very  great  dif- 
ferences in  the  amount  of  heat  received  in  different  parts  of 
the  same  system.  For  instance,  two  branch  pipes  connected 
at  opposite  ends  of  a  tee.  which  itself  is  connected  by  a  centre 
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Opening  to  a  riser,  are  almost  certain  to  have  an  irregular  an) 
uncertain  circulation. 


The  method  of  piping  generally  adopted  for  the  closed  or 
high-pressure  system  is  that  of  the  complete-circuit  or  one-pipe 
system,  as  illustrated  in  Fig.  173.  This  system  when  now 
employed  is  used  only  for  moderately  low  pressures,  and  a 
safety-valve  is  provided  on  the  expansion-tank  to  prevent 
excessive  pressure.  In  this  system,  or,  in  fact,  in  any  of  tha 
systems  (or  hot-water  heating,  the  level  of  the  return-p 


my  of  tha^fl 
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be  carried  below  that  of  the  heater  without  bad  results.     The 
method  of  applying  this  system  is  shown  in  Fig.  178,  which  is 


^Vsimilar  in  many  respects  to  that  used  in  the  BaVer  system  o( 
car-heating. 

The  expansion-tank  must  in  every  case  be  connected  to  a 
line  of  piping  which  cannot  by  any  possible  means  be  shut 
off  from  the  boiler.  It  docs  not  seem  to  be  a  matter  of  im- 
portance whether  it  is  connected  with  the  main  flow  or  with 
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the  return.     The  form  of  expansion-tank  and  the  different 
kinds  of  fittings  have  been  described  in  Art.  93,  page  158. 

Single-pipe  systems  for  hot-water  heating  have  been  used  to 
some  extent.  In  this  case  there  is  a  gradual  flow  of  the  heated 
water  to  the  top,  and  the  consequent  settlement  of  the  colder 
water  to  the  bottom.  The  form  of  piping  would  be  essen- 
tially the  same  as  that  shown  in  Fig.  173  or  174.  The  writer 
erected  such  a  system  at  one  time  as  an  experiment,  and  found 
that  it  worked  well  after  the  water  had  once  become  heated. 
Where  there  is  no  objection  to  a  system  which  heats  slowly, 
this  would  probably  do  well  on  a  small  scale,  but  could  not  be 
recommended  for  an  extensive  job. 

109.  Combination  Systems  of  Heating. — Several  methods 
have  been  devised  for  using  the  same  sysltem  of  piping  alter- 
nately for  steam  or  hot  water  as  the  demand  for  higher  or 
lower  temperature  might  change.  The  object  of  this  is  to 
secure  the  advantages  which  pertain  to  the  hot-water  system 
of  heating  for  moderate  temperature  and  to  steam-heating 
for  extremely  cold  weather.  As  less  radiating  surface  is  re- 
quired for  steam-heating,  there  is  the  advantage  due  to  reduc- 
tion in  first  cost.  This  may  be  of  considerable  moment,  since 
a  heating  system  must  be  designed  of  such  dimensions  as  to  be 
satisfactory  in  the  coldest  weather,  and  this  involves  the  ex- 
penditure of  a  considerable  amount  for  surfaces  which  are 
needed  only  at  rare  intervals. 

The  combination  system  of  hot-water  and  steam  heating 
must  require,  first,  a  heater  or  boiler  which  will  answer  for 
either  purpose  ;  second,  the  construction  of  a  system  of  piping 
which  will  permit  the  circulation  of  either  steam  or  hot  water ; 
third,  the  use  of  radiators  which  are  adapted  to  both  kinds  of 
heating. 

These  requirements  will  be  met  in  the  best  manner  by  using 
a  steam-boiler  provided  with  all  the  fittings  required  for  steam- 
heating,  but  so  arranged  that  the  damper  regulator  may  be 
closed  off  from  the  heater  by  means  of  valves  when  the  system 
is  needed  for  use  in  hot-water  heating.  The  addition  of  an 
expansion-tank  is  required,  which  must  be  arranged  so  that 
it  can  be  closed  off  when  the  system  is  required  for  steam- 
heating. 
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Of  the  different  systems  of  piping,  that  designated  as  the] 
complete-circuit  or  one-pipe  system  (Fig.  173)  is  the  only  ont 
which  is  equally  well  adapted  for  both  hot  water  and 
case  that  system  cannot  be  conveniently  installed,  the  one 
shown  in  Fig.  177  for  hot  water  will  be  found  to  give  fairly 
good  results,  it  being  objectionable  in  steam-heating  only 
because  of  the  fact  that  the  condensation  in  the  main  pipe 
flows  against  the  current.  The  radiators  and  connecting  pipes 
should  be  of  the  form  required  for  hot-water  heating,  but  the 
proportions  and  dimensions  the  same  as  for  steam-heating. 

While  this  system  has  many  advantages  in  the  way  of  cost 
over  the  complete  hot-water  system,  yet  the  labor  of  changing 
from  steam  to  hot  water  will  in  some  cases  be  troublesome, 
and  should  the  connections  to  the  expansion-tank  not  be 
opened,  serious  results  would  certainly  follow. 

A  combination  hot-air  furnace  and  hot-water  system  has 
been  employed  to  considerable  e.xtent.  In  such  a  case  the 
water-heating  surface  is  obtained  by  inserting  a  coii  of  pipe  or 
suitable  vessel  into  the  hot-air  furnace,  and  certain  rooms  and 
portions  of  the  house  are  warmed  by  the  heated  air  directly 
from  the  furnace,  while  other  parts  are  heated  by  the  circula- 
tion of  hot  water. 

This  system  is  an  admirable  one  from  every  point  of  con- 
sideration, theoretically;  but  practically  it  is  a  very  difficult 
one  to  design  and  construct  in  such  a  manner  that  the  supply 
of  heat  to  the  different  rooms  shall  be  positive  and  well  dis- 
tributed. Fig.  179  showsihe  arrangement  of  such  a  system.* 
In  this  case  the  hot-air  furnace  supplies  heat  to  the  lower  floors 
and  the  hot-water  circulating  system  to  the  upper  floors. 

Any  system  of  piping  suitable  for  hot-water  heating  can  be 
employed  for  this  purpose  :  the  one  shown  is  that  of  the  com- 
plete-circuit or  one-pipe  system,  the  heated  water  being  uken 
directly  to  the  top  of  the  building  and  all  radiating  surface 
supplied  by  the  descending  current.  As  the  writer  knows 
from  experience,  it  is  very  difficult  indeed  to  proportion  the 
heating  surface  in  the  furnace  and  the  radiating  surface  ii 
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irregular  and  uncertain  distribution  of  heat.  It  will  generally 
be  found  that  the  fire  maintained  in  a  hot-air  furnace  is  mrch 
more  intense  than  that  in  a  steam  or  hot-water  heater ;  and 
further,  the  heating  surface  which  is  usually  employed  is  sub- 
jected to  the  full  heat  of  the  fire,  consequently  a  smaller 
amount  of  heating  in  proportion  to  radiating  surface  must  be 


Fig.  179.— Combination  System,  Hot-air  Furnace  and  Hot  Water. 

employed.  Whereas  in  the  ordinary  hot-water  heater  one  foot 
of  heating  surface  supplies  from  8  to  10  of  radiating  surface,  in 
this  system  i  foot  of  heating  surface  will  supply  25  to  35  feet 
of  radiating  surface  in  coal-burning  furnaces  and  50  to  75  in 
wood-burning  furnaces. 

Similar  combination  systems  of  hot  air  and  steam  are  also 
used,  but  in  such  cases  the  heater  must  be  very  much  like  a 
steam-boiler,  and  possess  all  its  appliances  and  also  storage 
capacity  for  steam.  In  the  case  of  the  hot-water  and  hot-air 
system  the  heater  is  substantially  a  hot-air  furnace,  to  which  is 
added  a  coil  of  pipe  or  vessel  of  suitable  form,  which  serves  as 
the  heating  surface  for  the  hot  water,  so  that  the  change  in 
construction  is  very  slight ;  but  for  steam-heating  the  change 
of  construction  must  be  more  marked,  and  is  likely  to  be  more 
expensive  and  complicated. 
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110.  Pipe  Connections,  Steam-heating  Systems. — The 

nwnner  in  which  branches  arc  taken  off  may  have  great  effect 
on  the  results  obtained  in  any  lieating  system,  since  any  in- 
crease in  friction  in  any  part  of  the  system  will  cause  the 
flow  to  be  sluggish  in  that  portion,  and  require  more  press- 
ure to  induce  circulation.  The  size  of  pipes  required  in  order 
that  resistances  may  not  exceed  a  certain  amount  are  given  in 
the  next  chapter ;  but  it  should  be  noted  that  bad  workman- 
ship may  defeat  the  operation  of  a  steam-heating  plant  having 
the  best  proportions  possible,  and  that  great  care  is  needed,  (i) 
to  secure  the  alignment  of  every  part,  (2)  the  absence  of  air- 
traps  or  any  obstructions  whatever  which  would  reduce  the 
circulation  or  make  it  irregular  or  uncertain.  Some  details 
which  are  to  be  considered  rather  as  suggestions  than  as  formal 
directions  are  given. 

In  general,  pipe  connections  should  be  made  so  as  to  afford 
as  little  resistance  as  possible  to  the  flow  of  steam,  and  in 
such  a  manner  as  not  to  interferi;  with  the  expansion  of 
the  main  pipes.  The  line  of  piping  should  present  the  freest 
possible  channels  of  circulation  for  the  steam  as  it  leaves 
the  boiler  and  for  the  water  of  condensation  as  it  ri^tunis. 
The  expansion,  which  is  not 
entially  different  from  if 
hes  (or  each  loo  (eet  in 
length,  can  usually  be  well 
provided  for  by  the  use  of 
two  or  more  right-angled  el- 
bows substantially  as  shown 
in  Fig.  i8o.  No  general  rule 
can  be  laid  down  for  all  cir- 
cumstances and  conditions. 
The  following  examples  and 
illustrations  from  Healing  and 
Ventilation  show  the  methods 
of  piping  commonly  employed 

in  setting  steam-radiators  with  Ptc.  tBo.— Connbction   ro 
or.C-pipe connections.   Fig.  l8o  ''**"'  Steam  Mai; 

Ltlliistrates  the  method  where  the  radiator  is  set  cli 

^jnain  and  no  special  drip  is  required. 
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The  method  often  employed  in  connecting  a  riser  to  a 
horizontal  steam  main  and  running  a  special  drip-pipe  for  con- 
densed water  to  the  return  main  is  shown  in  Fig.  l8i. 


Fig.  1 8 1.— Connection  to  Riser  from  Mai 


The  method  often  employed  in  connecting  radiators  to 
risers  is  shown  in  the  upper  portion  of  Fig.  182.  The  lower 
portion  illustrates  an  essentially  different  method  from  that 
shown  in  Fig.  181  of  connecting  the  riser  to  the  main,  and  the 
drip-pipe  to  the  return.  This  method,  however,  does  not  allow 
for  expansion  of  the  steam  main  ;  hence  this  must  be  provided 
for  in  some  other  portion  of  its  length. 

The  area  of  the  main  pipe  must  in  every  case  be  equivalent 
in  carrying  capacity  to  that  of  all  the  branches  taken  off;  it 
consequently  may  be  reduced  as  the  distance  from  the  heater 
becomes  greater  and  as  more  branches  are  supplied.  Table 
XXII,  Appendix,  gives  the  equivalent  capacity  of  pipes  of 
different  diameters,  and  can  be  used  in  determining  the  rela- 
tive number  of  branches  of  a  given  size,  and  also  the  reduction 
in  pipe  area  which  may  be  made  after  a  certain  number  of 
branches  have  been  connected.  It  will,  however,  in  genera- 
be  found,  except  when  large  pipes  are  used,  less  expensive  to 
run  the  main  full  size  than  to  use  reducing  fittings. 
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III.  Pipe  Connections,  Hot-water  Heating  Systems.— 

If  the  system  of  circulation  adopted  is  the  complete-circuit 
system,  as  in  Fig,  173,  in  which  the  heating  main  is  first  taken 
directly  to  the  top  of  the  building  and  thence  run  horizontally  j 
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(various  hncs  of  return  risers,  the  system  of  construction 
I  be  essentially  the  same  as  that  described  for  a  steam- 
;  plant.     The  main  riser  should  connect  into  a  drum 
Trom  the  top  of  which  the  dislributing-pipes  leading  to  the] 
risers  are  taken.     The    size  of    the    distributing-pipea  j 
should  be  proportional   to  the  amount   of   radiating   surface-, ■{ 
and  the  various  distributing-pipes  should  be  arranged  so  that 'I 
the  resistance  in  each  will   be  substantially  equal.     The  flow  j 
connection   for  each   radiator  should   be  taken  off  at  a  point  J 
^bout   level  with   the   top    of    the    radiator,  as    in    Fig,   (03^ 
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page  1 14,  and  the  return  should  enter  the  same  pipe  at  a  point 
below  the  radiator.  A  valve  affording  as  little  resistance  as 
possible  is  to  be  put  in  each  connection.  Hot-water  heating 
systems  have  been  erected  in  which  the  radiators  are  joined  to 
the  riser  by  one  connection  only ;  and  while  this  system  seems 
to  be  somewhat  slower  in  heating  than  that  with  two  connec- 
tions, it  is  otherwise  quite  satisfactory. 

In  the  system  commonly  employed  the  main  and  distribut- 
ing pipes  are  erected  in  the  basement,  as  shown  in  Fig.  177. 
An  offset  from  the  main  to  the  foot  of  the  riser  has  usually  to 
be  made,  which  should  be  done  as  from  the  steam  main  in  Fig. 
180,  and  in  such  a  manner  as  to  take  the  flow  from  the  upper 
part  of  the  pipe;  such  a  connection  is  also  shown  in  No.  3, 
Fig.  183.     The  connection  to  the  main  return  may  be  made  on 
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Fig.  183. — Connections  to  Mains,  Hot-water  Heating. 
th^  side  or  at  the  top,  as  convenient.  In  some  instances  a  tee 
turned  at  an  angle  and  a  45-degree  elbow  can  be  used  with 
good  results,  as  shown  at  No.  2,  Fig.  183.  The  method  of 
connecting  shown  at  No.  i  should  only  be  employed  in  case 
the  room  is  not  sufficiently  high  for  connections,  as  shown  at 
No.  3,  as  its  use  is  attended  with  doubtful  success  in  many 

cases. 

In  taking  off  branches  from  the  top  of  a  riser  a  tee  should 
seldom  or  never  be  employed,  since  it  will  be  found  that  if 
for  any  reason  the  current  becomes  established  in  one  direction 
it  will  be  very  difficult  to  induce  it  to  flow  in  the  other. 
When  branches  running  in  opposite  directions  have  to  be  taken 
from  the  main  riser,  long-radius  tees,  as  shown  in  Fig.  52, 
page  95,  should  be  employed;  but  unless  the  riser  is  long  it  will 
in  general  be  better  to  erect  a  separate  line  for  each  branch. 
Precautions  should  be  taken  in  every  case  that  the  junction  of 
two  currents  shall  not  exert  an  opposing  force  which  will  im- 
pede the  circulation. 
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The  connections  to  radiators  for  this  system  need  to  be 

made   in  such  a  way  that  the  horizontal  branches  which  are 

!cn   off   {rom    the   risers  will    receive   a   strong   current  of 

rater.     There  is  a  tendency  for  water  to  flow  directly  in  the 

ine  of  motion,  and  to  the  highest   radiators  in   the  system. 

his  renders  it. necessary  to   increase   the    resistance   in    the 

jiser  beyond  the  branch  a  greater  or  less  amount  in  order  to 

induce  circulation  into  the  side   connections.     This   may  be 

done  in  several  ways,  as  shown  in  Fig.  184:  (l)  by  connecting 


<  Heating. 

the  radiator  to  an  elbow  placed  on  the  main  pipe  and  con- 
tinuing the  main  pipe  from  the  side  opening  of  a  tee  or  Y, 
as  shown  at  A  and  B;  or  (2)  by  using  a  reducing  fitting,  as 
shown  at  C,  and  continuing  the  riser  with  a  reduced  diameter. 
The  return  connections  can  be  made  in  a  similar  mamier^  but 
they  will  in  every  case  work  well  if  the  return  riser  be  run  in 
a  direct  line  and  the  connection  be  made  into  the  side  opening 
ofaY. 

112.  Position  of  Valves  in  Pipes. — If  a  valve  has  to  be  used 
1  a  horizontal  pipe  it  should  be  located  so  as  to  afford  the 
least  possible  obstruction  to  the  flow  of  water  in  the  required 
direction.  If  a  globe  valve  be  used  with  the  stem  set  vertically. 
Fig.  185.  it  will  form  an  obstruction  sufificient  to  fill  the  pipe 
very  nearly  full  of  water;  if  the  stem  be  placed  in  a  horizontal 
direction  the  flow  of  water  will  be  less  impeded.  Globe  valves 
form  a  great  obstruction  to  the  flow  in  water-heating  pipes,  and 
under  no  circumstances  should  tliey  be  used  for  that  work,     in 

r:  of  steam-heating  they  are  less  objectionable,  provided 
located  in  such  a  manner  as  to  permit  free  drainage 
1^ -^ 
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of  the  pipes.     In  general,  angle  or  gate  valves  can  be  used, 
however,  in  every  place  with  better  satisfaction. 

For  hot-water  heating  special  valves  have  been  dcsigiied| 


GuiUE  Valvb. 

whicli  when  open  offer  no  special  impediment  to  the  flow,  and 
which  close  sufifidently  tight  to  prevent  circulation,  although 
not  suHicieiit  tu  picvcnt  lealis.     See  page  I 

113.  Piping  for  Indirect  Heaters, — Indirect  radiators  had 
been  dtsciibcd  and  methods  of  setting  them  illustrated* 
Article  6g,  page 
These  radiators  are  gen- 
erally set  in  a  case  or  box 
which  is  suspended  fr<a 
the  basement  ceiling 
made  of  matched  boan 
lined  with  tin.  Fig. 
The  sides  of  the  casing 
should  be  removable  for 
repair  of  the  radiator. 
The  system  of  pipe^ 
which  supply  the  indirect 
radiators  are  genei 
most  conveniently  er« 
ed.  like  those  shown  in  Fig.  175  or  177  for  steam -heating,  i 
like  that  shown  in  Fig.  179  for  hot-water  heating.  The  heater 
should  be  located  above  the  water-line  of  the  boiler  a  s 
distance  to  afford  ready  means  of  draining  off  the  water  of  con- 
densation.    In  case  this  is  impossible,  a  style  of  r 


gen- 
■  box 

oaT^^H 


lera^^H 

heater 
ficient 
.,._   jf  coo^^ 

f  radiator  shod^H 
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be  adopted  which  can  be  heated  by  water  circulation.  An 
automatic  air-valve  should  be  connected  to  the  beater,  and  ^.v^xy 
means  should  be  taken  to  obtain  perfect  circulation  to  and  from 
the  boiicr.  The  chamber  which  surrounds  the  indirect  surface 
IS  to  be  supplied  with  air  from  the  outside  by  a  properly 
constructed  flue.  The  air  passes  up  through  or  over  the 
heater  and  into  the  rooms  by  nneans  of  special  flues,  the  sizes 
of  which  are  given  in  Chapter  X. 

114.  Comparisons  of  Pipe  Systems.-~As  to  the  best  sys- 
tem of  piping  to  be  adopted  little  can  be  said  in  a  general  way- 
The  circuit-system,  Fig.  173,  no  doubt  gives  the  freest  circula- 
tion and  is  applicable  to  cither  hot-water  or  steam  heating.  In 
sonic  respects  it  is  simpler  to  construct,  and  it  seems  quite 
probable  that  small  errors  of  alignment,  minute  obstructions, 
and  error  in  proportioning  the  pipes  would  not  be  so  fatal  to 
the  perfect  operation  of  this  system  as  of  the  others.  It 
requires,  however,  that  distributing  pipes  be  placed  in  the  top 
Story  of  a  building,  and  this  in  many  cases  will  be  so  objection- 
able  that  it  cannot  be  used.  Regarding  other  systems  there 
;js  little  to  be  said.  For  steam-heating  there  seems  to  be  little 
use  in  making  more  than  one  connection  to  any  radiator : 
.and  this  practice,  which  is  now  common,  will  I  think  become 
universal. 

IIS-  Systems  of  Piping  where  Steam  does  not  Return 
to  the  Boiler. — For  such  systenns  the  method  of  piping  and  of 
making  connections  would  be  in  every  case  essentially  as 
idescribed  :  and  usually  this  can  be  done  with  less  care  because 
of  the  fact  of  greater  difference  of  pressure  between  the  supply 
md  the  return.  Such  systems  are  not  often  employed  except 
connection  with  use  of  exhaust  steam,  which  is  considered 
tn  Chapter  XI. 

116.  Protection  of  Main  Pipe  from  Loss  of  Heat. — The 
IS  of  heat  which  takes  place  from  an  uncovered  main  steam  or 
lot-water  pipe  is,  because  of  its  isolated  position,  considerably 
[reatcr  than  that  which  takes  place  from  an  equal  amount  of 
idiating  surface.  Unless  this  heat  is  actually  required  it  will 
use  an  expenditure  of  fuel  the  cost  of  which  is  likely 
[0  be   in  «a   few  seasons  many  times  that  of   a  good  cover- 


228  HEATING  AND    VENTILATING  BUILDINGS. 

The  heat  lost  per  square  foot  of  surface  from  a  small  un- 
covered pipe  is  from  375  to  400  heat-units  per  square  foot  per 
hour  in  steam-heating,  or  an  amount  equal  to  that  required 
for  the  evaporation  of  0.4  pound  of  steam.  Computing  this 
loss  for  100  square  feet  for  a  day  of  20  hours  and  for  a  season 
of  150  days,  it  will  be  found  equivalent  to  the  coal  required  to 
evaporate  120,000  pounds  of  steam;  this  would  not  be  less 
than  12,000  pounds  of  coal,  which  at  $5.00  per  ton  would  cost 
$30.00.  The  cost  per  square  foot  per  annum  will  be  found  on 
the  above  basis  to  be  30  cents,  of  which  75  to  80  per  cent 
would  have  been  saved  by  using  the  best  covering.  The 
loss  from  hot-water  pipes  would  be  about  two  thirds  of  the 
above. 

The  best  insulating  substance  known  is  air  confined  in  minute 
particles  or  cells,  so  that  heat  cannot  be  removed  by  convec- 
tion. No  covering  can  equal  or  surpass  that  of  perfectly  still 
and  stagnant  air ;  and  the  value  of  most  insulating  substances 
depends  upon  the  power  of  holding  minute  quantities  in  such 
a  manner  that  circulation  cannot  take  place.  The  best  known 
insulating  substance  is  a  covering  of  hair  felt,  wool,  or  eider- 
down, each  of  which,  however,  is  open  to  the  objection  that,  if 
kept  a  long  time  in  a  confined  atmosphere  and  at  a  temperature 
of  150  degrees  or  above,  it  becomes  brittle  and  partly  loses 
its  insulating  power. 

A  covering  made  by  wrapping  three  or  more  layers  of 
asbestos  paper,  each  about  -j^  inch  thick,  on  the  pipe,  cover- 
ing with  a  layer  of  hair  felt  J  inch  in  thickness,  and  wrap- 
ping the  whole  with  canvas  or  paper,  is  much  used.  This 
covering  has  an  effective  life  of  about  5  years  on  high-pressure 
steam-pipes  and  10  to  15  years  on  low-temperature  pipes. 
There  are  a  large  number  of  coverings  regularly  manufactured 
for  use,  in  such  a  form  that  they  can  be  easily  applied  or 
removed  if  desired.  There  is  a  very  great  difference  in  the 
value  of  these  coverings ;  some  of  them  are  very  heavy  and 
contain  a  large  amount  of  mineral  matter  with  little  confined 
air,  and  are  very  poor  insulators.  Some  are  composed  entirely 
of  incombustible  matter  and  are  nearly  as  good  insulators  as 
hair  felt.  In  general  the  value  of  a  covering  is  inversely  pro- 
portional to  its  weight — the  lighter  the  covering  the  better  its 
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insulating  properties  ;  other  things  being  equal,  the  incombus- 
tibic  mineral  substances  are  to  be  preferred  to  combustible 
material.  The  following  table  gives  the  results  of  some  actual 
tests  of  different  coverings,  which  were  conducted  with  great 
care  and  on  a  sufHciently  large  scale  to  eliminate  slight  errors  of 
observation.  In  general  the  thickness  of  the  coverings  tested 
was  I  inch.  Some  tests  were  made  with  coverings  of  difTerent 
thicknesses,  from  which  it  would  appear  that  the  gain  in  jn 
sulating  power  obtained  by  increasing  the  thickness  is  very 
slight  compared  with  the  increase  in  cost.  If  the  material  is  a 
^ood  conductor  its  hcat-insulating  power  is  lessened  rather 
than  diminished  by  increasing  the  thickness  beyond  a  certain 
point. 

PERCENTAGE  OF  HEAT  TRANSMITTED  BY  VARIOUS  PIPE- 
COVERINGS.  FROM  TESTS  MADE  AT  SIBLEY  COLLEGE. 
CORNELL   UNIVERSITY,    AND   AT    MICHIGAN    UNIVERSITY.* 


H«ked  pipe 100. 

Two  UjreraubcMos  paper,  i  in.  bair  (eh,  and  canvas  covet 15.3 

Two  lajrers  asbeslos  paper,  1  in,  hair  fell,  canvas  cover,  wrapped  vrith 

manilla  paper IS- 

Two  lajfers  lubestoa  paper,  t  in.  hair  fell 17. 

Hmt  felt  seciional  covering,  asbesLoi  lined 1S.6 

One  UiUkness  asbestos  board Sg.4 

Four  ihiclcncssex  asbestos  paper 50.  j 

Two  layers  asbestos  paper 77.7 

Wool  felt,  asbestos  lined aj.i 

Wool  fell  with  air  spares,  asbestos  lined Ig.7 

Wool  lelt,  plaster  paris  lined .• aj.9 

AsbestM  molded,  mixed  niih  plaicer  paris , 31 .8 

Asbestos  (etled.  pure  long  fibre ao.i 

Asbestos  and  sponge iS.3 

Asbestos  and  wool  felt „  ,  , so.  8 

Migneti*.  molded,  applied  in  plastic  cofiditloo 31.4 

Hkgnesia,  sectional 18,8 

Mineral  wool,  sectional iq,3 

Rock  wool,  fibrous  ao.3 

Rock  wooL  felled '. 2o!q 

Fossil  meal,  molded,  i  inch  thick ag,^ 

Kpe  painted  with  black  asphattum los-S 

Plpepainteil  with  light  drab  lead  paim 108.7 

■       Glossy  wbiie  paint ^5.0 

^^^  •  TbcM  tests  agree  remarkably  well  niib  a  seties  made  by  Prof    M.  E. 
■KMley  of   Michigan    University,  and  also  with   some   made  by  G.  M.  Brill. 
^^Tlytaciise,  N.  V.,  and   reported   in    Transactions  of  the  American   Society  of 
Mechanical  Engineers,  vol.  ;cvi. 
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The  following  table  translated  from  Pficlct's  Traiti  de  la 
CMaUur  gives  in  a  general  way  the  annount  of  heat  transmitted 
thieugh  coverings  of  various  kinds  and  of  different  thicknesses ; 
ihgiiflffir  from  a  naked  pipe  is  taken  as  loo. 


J 

|es  OF 

HEAT   THROUGH    VARIOUS    PIPE-COVERINGS. 

^ 

ThickK».  in  iDchci. 

1 ' 

1 

1 

0.4 

o.e 

1.0 

.. 

'-V-° 

6.0 

Kind  ol  Covering. 

RelMi«LowofHail. 

0.O4 

^9 

M> 

IB 

13 

II 

7 

6 

Eider  down,  loose  wool,  hair  tell,  elc- 

oS 

43 

33 

^9 

a-j 

ao 

13 

Pomiercd  charcoal. 

i6 

56 

48 

4S 

38 

35 

»5 

■21 

Wood  across  fibres. 

33 

6b 

63 

61 

sB 

55 

4-t 

Sand. 

64 

73 

?3 

73 

7" 

70 

68 

Clayey  earlh. 

aB 

7? 

Bi 

es 

95 

,6 

Slone.  rock. 

Sfi 

78 

87 

9' 

103 

110 

130 

150 

While  marble. 

5 

ft 

90 

9S 

loq 

145 

180 

Solid  gas  carbon. 

lO 

00 

MP 

joo 

100 

100 

— 

100 

Naked,  or  unprotected  turface,  iron. 

CHAPTER   X. 


DESIGN  OF  STEAM    AND    HOT-WATER  SYSTEMS. 


117.  General  Principles. — The  general  problem  of  design 
includes  the  proportioning  of,  first,  the  amount  of  radiating 
surface  which  will  be  located  directly  in  the  rooms  to  be 
heated  in  all  systems  of  direct  heating,  and  in  the  air-passages 
or  flues  leading  to  the  rooms  in  all  cases  of  indirect  heating; 

(second,  the  size  of  the  pipes  which  are  to  convey  the  heated 
luids  to  the  radiating  surfaces;  and  third,  the  proper  size  of 
boiler  or  heater,  , 

The  question  of  the  system  or  method  of  healing  which  is 
to  be  adopted  will  usually  depend  upon  considerations  of  cost 
Or  of  ficrsonal  preference  on  the  part  of  the  proprietor.  The 
various  systems  of  heating,  whether  by  steam,  hot  water,  or 
hot  air.  as  commonly  practised  in  this  country,  do  not  often 

Icome  in  direct  competition.     Hot-air  heating,  where  the  air  is 
moved  by  natural  draft,  is  adapted  only  to  the  smaller  sizes 
iaf  dwelling-houses,  and  where  heat  does  not  need  to  be  carried 
fcny  considerable  distance  horizontally.     It  is  generally  found 
tiiat  if  the  horizontal  distance  exceeds  15  or  20  feet  the  supply 
pf  heat  becomes  uncertain  in  amount.     With  steam  and  hot- 
Water  heating  there  is  no  such  limitation  as  to  distan-ze;  the 
first  cost  is,  however,  considerably  greater  than  that  of  hot  air,, 
but  heat  can  be  supplied  with  certainty  to  all  parts  of  the  sys- 
Itm  under  all  atmospheric  conditions.     Regarding  the  relative 
merits  of  systems  of  steam  and   hot-water  heating,  little  can' 
;  said.     It  will  generally  be  found  that  the  first  expense  of 
n-heating  is  considerably  less,  and  that  there  is  considerable 
iflerencc  of  opinion  regarding  the  relative  economy  of  oper- 
1  of  steam  and  hot-water  heating  plants.     The  tests  which 
^  been  made  have  generally  shown  somewhat  in  favor  of 
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water.*  The  difference,  however,  is  not  great,  and  may  be 
due  to  local  conditions,  but  is  probably  due  to  the  .fact  that 
the  temperature  of  the  discharged  gases  may  be  somewhat 
lower  for  the  hot-water  heater  than  for  the  steam-boiler,  and 
also  to  the  fact  that  in  comparatively  mild  weather  the  fire  in 
the  hot-water  heater  may  be  regulated  somewhat  closer,  to 
meet  the  demand  for  heat.  The  hot-water  system  in  general 
requires  rather  better  workmanship  in  the  erection  of  pipe 
lines  than  steam-heating,  and  more  care  must  be  taken  in  pro- 
portioning the  various  pipes  and  fittings.  The  heat  from  hot- 
water  radiators  is  somewhat  less  in  intensity  and  more  pleasant 
than  that  from  steam-radiators,  and  the  temperature  can  be 
regulated  by  simply  throttling  the  supply-pipe  of  the  radiators, 
which  is  not  the  case  with  steam. 

Whether  direct  or  indirect  heating  shall  be  used  will  de« 
pend  aHo  on  circumstances.  It*  will  be  found  that  in  general 
the  surface  required  fpr  indirect  heating  is  one  third  to  one 
half  greater  than  that  for  direct,  and  it  will  give  off  50  per  cent 
more  heat  per  square  foot,  so  that  the  operating  expense  is 
practically  twice  that  of  direct  heating.  Indirect  heating  as- 
sures excellent  ventilation,  and  it  is  advisable  to  use  it  for 
certain  rooms  of  residences  because  of  that  fact, 

118.  Amount  of  Heat  and  Radiating  Surface  required 
fof  Warming. — The  amount  of  heat  required  for  buildings 
cf  various  constructions  has  been  considered  quite  fully  in 
Chapter  III.  From  which  it  may  be  seen  (page  70)  that  in 
ordinary  building  construction  the  amount  required  in  heat- 
units,  for  each  degree  difference  between  inside  and  outside 
temperature,  is  approximately  equal  to  the  area  of  the  glass 
surface  plus  one  fourth  tlie  area  of  the  exposed  wall  surface 
plus  one  fifty-fifth  of  the  number  of  cubic  feet  of  air  required 
for  ventilation. 

The  air  required  for  ventilation  will  vary  with  the  con- 
ditions :  but  in  direct  heating  it  seems  necessary  to  allow  for 
three  changes  per  hour  in  halls,  two  in  rooms  on  first  floor, 
and  one  in  rooms  on  upper  floors. 

•*  See  Transactions  American  Society  Mechanical  Engineers,  vol.  x,  paper 
by  *he  author.  See  also  Report  Massachusetts  Experimental  Station  No  8, 
189a 
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The  amount  of  heat  given  oR  by  one  square  foot  of  radiat- 
ing surface,  as  determined  by  a  great  number  of  experiments, 
is  given  in  Chapter  IV,  from  which  it  is  seen  (pages  84  and  1 1 3) 
ibat  for  the  ordinary  radiating  surface,  with  a  temperature  of 
r50  degrees  above  the  surrounding  air,  1.8  heat-units  will  be 
given  off  per  square  foot  of  surface  per  degree  difference  of 
temperature  per  hour,  and  when  the  temperature  is  no  above 
the  surrounding  air  about  1.7  heat-units  are  emitted. 

The  total  heat  emitted  from  radiating  surfaces  of  different 
characters,  corresponding  to  the  average  results  of  experiments 
is  shown  on  the  diagram,  Fig.  187,  in  which  the  horizontal 
distances  correspond  to  the  mean  difference  of  temperature 
between  the  air  in  the  room  and  the  radiator,  while  vertical 
distances,  the  value  of  which  is  read  on  the  scale  at  the  left, 
correspond  to  the  total  heat-units  transmitted  per  square  foot 
per  hour. 

To  use  the  diagram  assume  the  difference  of  temperature 
between  the  air  of  the  room  and  the  radiator,  then  look  on 
vertical  line  until  intersection  with  the  line  representing  the 
desired  condition  is  found,  thence  read  results  on  the  left. 
Thus,  for  instance,  it  the  difference  of  temperature  is  150  de- 
grees the  intersection  of  the  line  from  this  point  with  that 
representing  direct  ordinary  radiation  corresponds  to  275  heat- 
units,  and  with  that  representing  i-inch  horizontal  pipe.  375 
heat-unit^  as  read  on  the  scale  at  the  left.  The  dotted  lines  in 
the  diagram  give  the  heat  transmitted  from  various  indirect 
surfaces  for  different  velocities  of  the  moving  air.  The  results 
arc  to  be  found  as  for  direct  radiation,  but  the  dij?erencc  of 
temperature  is  that  estimated  from  the  mean  of  the  surround- 
ing air  and  the  radiator. 

Having  the  total  heat  required  for  warming  and  that  which 
is  given  off  from  one  square  foot  of  radiating  surface,  it  is  quite 
ident  that  the  surface  required  may  be  computed  by  the 
irocess  of  dividing  the  former  by  the  latter. 

Expressing  results  algebraically  we  can  produce  a  formula 
from  which  the  radiating  surface  may  be  calculated  quickly 
and  easily  as  follows: 

Let  R  equal  the  total  radiatina  surface  required.  /  the  required  leni- 
peralure  of  the  room.  V  the  tcmperaiure  of  the  outside  air.  /'  the  tem 
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peniture  of  the  redialing  surlace,  C  n 


nnber  of  cubic  teei  i 


the 


mbcrot  square  teet  of  glass,  (('the  eiiternal  wall-surfiice. 

I  heal  given  ofl  per  square  looi  of  radiating  surface  per  degree  rfifterciict 
per  hour.w  the  number  of  times  the  sit  is  to  be  clianged  per  liour. 
f      We  have,  first,  the  heat  required  for  one  degree  difierencc  of  leni' 
Beralute  as  explained,  pages  57  and  39,  which  is  approximately 


o.o2/«C+  C+  JW.  . 


the 


(0 


y 

E^,inij 

r 


Second,  the  radiating  surface  is  H  muliiplied  by  diRcrencc  of  temperature 
between  room  and  outside  air  divided  by  that  given  ofi  from  one  square 
foot.     Hence  we  have 


-(/■- 


'(T-i)a\i^'- 


The  heat  required    per  degree  diflerence  of  lemperature  between 

n  and  outside  air,  as  expressed  in  equation  (i),must  becomputed  for 

every  given  case.    The  other  quantities  which  constitute  a  factor  to  be 

lulliplled  in  the  above  are  readily  computed  and  expressed  in  the  table 

p.  206,  which  is  calculated  lor  a  greiat  variety  of  conttitions. 

From  this  table  it  is  seen  that  we  neeci  to  multiply  the  area 
^of  the  glass,  plus  \  the  wall  surface,  plus  .02n  of  the  cubic  feet  of 
air  supplied  per  hour,  by  factors  which  are  approximately  as 
follows:  If  wc  are  to  heat  to  70  degrees  in  zero  wealher  with 
steam  of  10  pounds  pressure,  nuiltiply  by  \  ;  if  we  are  to  heat 
to  60  degrees,  multiply  by  ^ ;  if  we  are  to  heat  to  50  degrees, 
multiply  by  J.  As  the  steam  pressures  increase,  these  factors 
are  reduced.  As  a  method  of  applying  the  rule  consider  a 
room  20  feet  by  12  feet  floor  surface,  and  10  feet  high,  contain- 
ing 2400  cubic  feet,  in  which  the  air  is  to  be  changed  twice 
per  hour.  Suppose  that  it  has  320  square  feet  of  exposed  wall 
surface  and  48  square  feet  of  glass.  The  heating  surface  re- 
quired will  be  found  by  taking  the  area  of  the  glass,  48,  \  the 
ixposcd  wall,  80,  and  .02  the  cubic  contents,  which  is  equal  to 
BB7 ;  the  total  heating  surface  required  would  be  (48  -}-  80  + 
%7)  315,  multiplied  by  the  factor  given  in  the  table,  which  \t 

*  about  I.  so  that  the  radia'ling;  surface  required  equals  54 
square   feet.     In  this  case  there   is  about  one  square  foot  of 

^^heating  surface  to  44  cubic  feet  of  space. 


sun. 
1       quir 

w 
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FACTORS   FOR    PROPORTIONING   DIRECT   RADIATORS  FOR  DIP. 
FERENT  TEMPERATURES   ROOM   AND  OUTSIDE  AIR.' 


Number  of  Colu 

mn 

1 

2 

3 

4 

5 

Coefficients  for 

Steam 

1.6 

«.7 

X.8 

1.9 

«.4 

Temperature 
Air. 

Temperature 
Room. 

-  lO' 

lOO' 

.61 

.54 

.43 

.31 

.19 

0 

xoo 

.55 

•49 

.40 

.28 

.17 

+  10 

100 

.50 

.44 

.36 

.25 

.16 

—  10 

80 

.42 

.38 

.31 

.23 

.145 

0 

80 

.38 

.33 

.275 

.20 

.13 

+  10 

80 

.33 

.30 

.24 

.18 

.11 

—  10 

70 

.35 

.32 

.262 

.19 

.122 

0 

70 

.32 

.28 

.23 

.17 

.109 

+  10 

70 

.26 

.24 

.20 

.14 

.092 

—  10 

60 

.29 

.26 

.22 

.16 

.XO4 

0 

60 

.25 

.22 

.19 

.14 

.089 

+  10 

60 

.21 

.18 

.15 

.12 

.075 

—  10 

50 

.23 

.23 

.18 

.15 

.087 

0 

50 

.20 

.19 

.15 

.12 

.072 

4- 10 

50 

.16 

.14 

• 

.12 

.10 

.058 

Usual  conditions  of  steam-heating  correspond  to  a  mean  of  columns  two 
and  three. 

HOT  WATER. 

(CofjfficifHt  1.6.) 


Temperatures  vi 

rater 

X40» 

i6o«» 

i8o» 

aoo* 

9(9^ 

-  lo' 

8o' 

.93 

.70 

.56 

.47 

.42 

0 

80 

.83 

.62 

.50 

.42 

.38 

+  10 

80 

.73 

.54 

.435 

.36 

.33 

—  10 

70 

.71 

•55 

.45 

.38 

.35 

0 

70 

.62 

.47 

.40 

.333 

.32 

4-10 

70 

.53 

.41 

.34 

.28 

.26 

—  10 

60 

.54 

.44 

.41 

.31 

.28 

0 

60 

.47 

.37 

.36 

.27 

.23 

+  10 

60 

.39 

.31 

.31 

.27 

.21 

—  10 

50 

.41 

.33 

.25 

.25 

.255 

0 

50 

.38 

.28 

.30 

.20 

.196 

+  10 

50 

.275 

.225 

• 

.20 

.175 

.156 

The  radiating  surface  is  in  each  case  found  by  multiplying  heat  as  required 
to  supply  loss  from  building  per  degree  difference  of  temperature  inside  and 

autside  by  factor  as  given  in  the  table.     This  factor  is  -— in  formula  f2). 

( /  —  t)a 
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For  a  room  with  the  same  dimensions  but  on  the  second 
oor  the  quantities  will  be  computed  in  the  same  way,  except 
lat  we  will  take  -^  of  Hie  cubic  contents  to  supply  that  re- 
uired  by  ventilation,  so  that  the  total  heat  required  for  one 
cgrce  difference  of  temperature  would  be  48 -}*  ^o -f-  44  =  172- 
)nc  fourth  of  this  quantity  gives  the  radiating  surface  for  low- 
ressure  steam-heating,  which  in  this  case  would  be  43.  or  one 
quare   foot  of  healing-surface  to  55   cubic  feet  in  the  room. 

:  hot-water  heating  the  method  of  computation  would  be 
stactly  the  same,  but  the  factor  would  be  0.4  instead  of  ^. 
Tie  radiating  surface  would  then  be,  for  the  case  considered, 
4  of  2(6,  which  is  86,  or  one  to  38  cubic  feet  for  a  room  on 
he  first  floor,  and  0.4  of  172  or  69  square  feet,  which  is  in 
itio  of  I  to  35  cubic  feet  for  the  second  floor. 

Many  designers  of  healing  apparatus  compute  the  amount 
if  radiating  surface  required  by  approximate  "  rules-of-thurab  " 
■hich  are  in  current  use  in  their  localities.     These  rules  differ 

[iiany  cases  very  greatly  from  each  other,  and  often  have  to 
e  modified  materially  in  order  to  give  satisfactory  results.     In 

■  application  of  the  more  scientific  rules  which  have  been 
iven  there  will  still  always  be  an  opportunity  for  applying 
jdgment  and  the  results  of  experience  and  practice,  since  it  is 
[uite  impossible  that  any  table  of  coefficients,  no  matter  how 
xtensive,  could  be  given  which  would  apply  to  all  cases  of 
jilding  construction  and  to  all  exposures.  Allowance  for  un- 
isual  conditions  are  given  by  Mr,  Wolff  as  follows  (see  page 
9): 

The  amount  of  radiating  surface  as  given  should  be  in- 
ireased  respectively  as  follows  : 

Ten  per  cent  where  the  exposure  is  a  northerly  one  and  winds  are  to 

counted  on  as  iinpaitant  factors. 

Ten  per  cent  when  the  building  is  heated  during  the  daytime  only 
d  the  location  of  the  building  is  not  an  exposed  one. 

Thirty  per  cent  when  the  building  is  heated  during  the  daytime  only, 
id  the  location  of  the  building  is  exposed. 

Fifty  per  cent  when  the  huilding  is  heated  during  the  winter  months 
itermiitently,  with  long  intervals  (say  days  or  weeks)  of  non-heaiinR. 

Certain  allowances,  in  addition  to  the  above,  the  amount  of 
'hich  must  be  determined  by  the  judgment  or  experience  of 
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CRUDE  ESTIMATE  OF  SPACE  HEATED  BY  i  SQ.  FT.  OF  DIRECT 

Sr^/jfAT-H EATING   SURFACE. 


Authority. 


Dwellings. 


First  floor 

Second  floor. . . 

Average 

Living  rooms. . 

1  side  exposed. 

2  sides 

3  •* 
J-Ialls  and  bath-rooms. 

Sleeping  rooms 


*  ( 


<( 


Public  Buildings. 

Offices 

Banks 

School-rooms. . . . 


\ 


35  to  60 
50  to  80 


B. 


•  ••••'•.. 


60  to  80 


i 


«< 


i« 


•  f 


Factories 

Stores,  wholesale. . . . 

retail 

dry -goods .... 

drugs 

Assembly  halls 

Auditoriums 

Churches 

Large  hotels 


50  to  80 
35  to  60 


50  to  80 

35  to  60 

75  to  100 

75  to  100 


75  to  100 
125  to  200 
125  to  200 


C. 


35  to  50 

50  to  75 


D. 


\50 


( 


60  to  80 


60  to  80 


100 

75 


75  to  100 

75  to  100 

1 50  to  200 


70 
70 


150 

125 

80 

70 


200 

125 


50 
50 

45 

40 
40  to  50 
60  to  75 


50  to  75 


60  to  80 

80  to  100 
80  to  100 


100  to  1 50 
100  to  150 


the  engineer,  should  be  made  for  unusual  construction  of  the 
building,  either  good  or  bad. 

The  rules  which  have  been  given  for  determining  the  amount 
of  radiating  surface  are  exceedingly  numerous.  Some  of  these 
rules  require  the  proportioning  of  radiating  surface,  as  in 
Tredgold's  *  and  Hood's  f  works,  by  the  amount  of  glass, 
others  by  the  amount  of  glass  and  exposed  wall  surface, :j:  but 
the  ji^reat  majority  by  the  number  of  cubic  feet  of  space  in  the 
room.  The  discussion  which  has  been  given  is  sufficient  to 
show  that  the  amount  of  heat  required  is  a  function  of  the 
exposed  surfaces,  so  far  as  the  loss  from  the  walls  is  concerned, 
and  of  the  cubic  contents,  so  far  as  the  supply  of  air  for  venti- 


*  "  Warming  and  Ventilating  Buildings,"  Tredgold,  1836. 

t  "  Warming  Buildings/'  Hood,  1855. 

X  John  J.  Hogan  in  Metal  TVorker,  Nov.  10,  1888. 
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CRUDE  ESTIMATE  OF  SPACE  HEATED  BY  i  SQ 

FT.  OF   DIHECT 

HOT-WATER   HEATING   SURFACE. 

AU, 

F. 

^ 

B. 

C 

=. 

H. 

1^ 

High  T.np. 
Low  Temp,  t 

„„, 

..... 

.S<o„ 

30  10  4(1 

S'"^::::;:;. 

Utlliudbaib-rooou 

•Vi'-Vs 

jdiojo 

3Cito,n 

mo  JO 

3Ol0«a 

jotOfa 

\%z% 

SSJI 

«.*SO 

jolosu 

}d10  4O 

W  s*"--™™. 

]I>IO&> 

wxr.. 

SISSI 

30  10iP 

40  10SO 

^^     PMlorle* 

4S10  70 

\%t% 

1 .,,.» 

4°lo6i» 

SoH^^l 

iOtoM 

Sl««<  wholewle... 

4S><>7° 

1 .,,., 

,dI0  6g 

Sota^ 

JOlOfa 

"       retail 

'     a»uei  

«t0  70 

AMonbljr  Inlh 

gold  too 

v^t 

6iW  go 

SatoiOD 

SES 

^^      aurehB 

amoiDo 

■»•'"■- 

-"■" 

JStOlOB 

1,  but  both  of  these  quantities  must  be  considered  in  order 
give  results  which  are  even  approximately  correct- 
In  any  locality  it  would    seem  that  the    rules  which   are  in 
iornmon  use  when  modified  as  to  the  condition  of  buildings 
which  tliey  have  been  successfully  applied  would  be  of  con- 
idcrable  value  ;  for  that  reason  the  preceding  tables  are  given 
(bowing  the  relation  of  radiating  surface  to  cubic  feet  ot  space 
D  be  heated  as  stated  by  various  authorities;  it  will  be  noticed, 
llowever,  that  there  is  such  extreme  variation   in  the  amount 
f  heating  surface  required   for  the  same  conditions  that  the 
ts  are  almost  valueless,  and  indicate  that  wide  variation  is 
l^ommon  in  the  practice  of  different  designers. 

IIQ.  The    Amount   of  Surface  Required  for    Indirect 

HeatinK- — For  this  case  the  heat  received  by  the  rooms  is  all 

supplied  by  air  which  passes  over  the  radiating  surfaces  and  is 

heated   by  convection.     A  large   number  of   tests  have  been 

uuoted  of  these  heaters,  both  with  natural  and  mechanical  draft 
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(see  Article  52,  page  103).  From  these  experiments  it  is  seen 
that  the  amount  of  heat  given  off  by  one  square  foot  of  surface 
varies  with  the  velocity  of  the  air,  as  shown  by  the  table  on 
page  1 14  and  also  in^  the  diagram  Fig.  217,  the  use  of  which  has 
been  explained.  From  the  table  on  page  1 14  it  will  be  noticed 
that  with  natural  circulation  the  velocity  in  feet  per  second 
will  vary  from  2.97  for  a  height  of  5  feet  to  8.4  for  a  height 
of  50  feet,  and  the  corresponding  convection  expressed  in 
heat-units  per  degree  difference  of  temperature  per  square  foot 
per  hour,  which  in  the  preceding  table  is  termed  the  coefficient^ 
varies  from  1.7  to  2.8. 

In  indirect  systems  of  heating  the  warm  air  enters  at  a 
temperature  30  to  60  degrees  above  that  in  the  room  and 
passes  out  either  through  the  vent-flues  or  by  other  means  of 
egress  at  a  temperature  practically  that  of  the  room.  In  cool- 
ing to  the  temperature  of  the  room  it  must  surrender  sufficient 
heat  to  balance  that  lost  through  the  walls  and  windows. 
Neglecting  the  slight  change  in  volume  due  to  change  in 
temperature,  the  amount  required  can  be  readily  computed ; 
thus  if  the  entering  air  be  about  100  degrees  F.,  one  heat-unit 
(B.  T.  U.)  will  raise  58  cubic  feet  one  degree  (see  Table  VIII) ; 
hence  one  cubic  foot  in  cooling  thirty  degrees  will  surrender 
30/58  parts  of  a  heat-unit.  Since  we  require  approximately 
to  balance  the  building  loss,  heat-units  equal  to  the  product  of 
the  difference  of  the  temperature  of  the  room  and  the  outside 
air,  multiplied  by  the  glass  surface,  plus  one  fourth  that  of  the 
exposed  wall,  we  can  find  the  volume  of  air  required  by  divid- 
ing the  result  by  30/58  for  the  above  case. 

The  extent  of  heating  surface  in  square  feet  in  the  radiator 
can  be  obtained  by  dividing  the  total  number  of  cubic  feet  of 
air  as  obtained  above  by  the  number  of  cubic  feet  which  may 
be  heated  the  required  amount  by  one  square  foot  of  heating 
surface. 

These  results  are  better  expressed  in  shape  of  formulae  from  which 
tables  suited  for  practical  application  may  be  computed.  Let  /  equal  the 
temperature  of  the  room,  f  that  of  the  outside  air,  /"  that  of  the  mean 
temperature  of  the  air  surroundmg  the  heating  surface,  7^  that  of  the 
heated  air,  7"  that  of  the  radiating  surface,  H  the  heat  required  per  hour 
per  degree  difference  of  temperature  to  supply  loss  from  the  room,  a  the 
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heal  given  olT  hoin  ;  sq.  ft.  radiating  surface  per  degree  difference  o( 
temperature.     We  have  the  following  formula  : 
Loss  from  the  room  per  hour  (/ —  A)// =  (/  — /')(G  +  iff)  nearly;  (i) 


Heaibrought  in  by  I  cu.  fl.  of  air  l/s8{7'-/):       

Heat  given  oti  from  i  sq.  ft.  of  radiating  surface  per  hour 

=  a{,T-n\    ■ 

Cubic  feet  of  air  required  per  hour  =  ^  ^      ; 

Cubic  feet  of  air  heated  by  1  sq,  (t.  of  radiating  surface  per  hour 

MT—r\ 

—TT  (see  Article  31,  page 39):  . 


r  (Factor  as  in  table)  ^;  , 


(5) 


(6) 


Ii/5S(r--/'> 
r.  ..■    .  .  U~e){T  -~t')H 

Radmmg  surface  =  ^^^  _,j^y_,,j 

The  table,*  page  242.  computed  from  the  above  formula  for 
various  conditions  gives  a  series  of  factors  which,  multiplied 
into  the  building  loss  H  per  degree  difference  of  temperature, 
wilt  give  the  radiating  surface  required  ;  it  also  gives  the  num- 
ber of  cubic  feet  of  air  heated  the  required  amount  per  square 
foot  of  radiating  surface  per  hour. 

To  use  the  table,  we  need  simply  to  know,  in  addition  to 
temperatures,  the   probable  coefficient  of   heat   transmission, 
all  other  conditions  being  given.     For  ordinary  indirect  heat- 
ing,  first  floor,  the  velocity  of  air  can  be  considered  as  2  to  4 
^  feet   per  second,   and    the   corresponding    value   of   this    co- 
efficient as  2.     For  higher  floors  the  velocity  is  higher,  and  co- 
Mfficients  may  be  taken  as  3,     (See  page  114)    As  an  example, 
ssume  outside  temperature  zero,  inside  temperature  70°,  and 
ftthe  air  leaving  the  indirect  at  TOO°,  the  factor  with  which  to 
Imultiply  the  building  loss  to  obtain  radiating  surface  is  0.69. 
iThis  is  practically  3,00  times  that   for  direct  heating.     Com- 
l]]uting  the  radiating  surface   required   for  the  same  room  as 
Ithat   considered  in   the   case   of    direct  heating  (page  235),  in 
'■'which  there  was  4S  .square  feet  of  glass  and  320  square  feet  of 
exposed  wail  surface,  and  in  which  the  total  loss  of  heat  per 
degree  difference  of  temperature  was  128  heat-units,  the  indi- 
^Hilect  surface  required  would  be  this  quantity  multiplied  by  the 
^HMactor  0.69,  which  is  83 -square  feet,  or  about  one  half  more 
^^Uhan   required  in  the  calculation   for  direct  heating.     For  the 

t 


I 


*  In  the  table  the  letm  coefficient  it  naed  for  the  heu  trantmiitcd  per  degiee 
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TABLE  OF  FACTORS  TO  OBTAIN  INDIRECT  HEATING  SURFACE 
AND  OF  CUBIC  FEET  OF  AIR  HEATED  PER  SQUARE  FOOT 
OF  SURFACE  PER   HOUR. 


TemperMurei. 

B.  T.  C.^Total  Heal 
per  Sq.  Ft.  Heater. 

Facto™  for  Heattr 

^H-e^'s^S'-pir^oSJ: 

fi 

Q     a 

E 

1 

s 

i 

I 
(J) 

i 

i 
1 

16) 

1 

1 

■£ 

^ 

1 
I 

1 

J 

- 

1" 

(g) 

(lOl 

„., 

„., 

(.3> 

(■4) 

,9i|o.96L,<<jo., 


Room  70°  Fahr.,   Oittsidr  Am  o"  Fahr.,  Steam  Pressure  5  lbs..  Steam 

'  TBMPSRATfRE   3I9'  FaHR. 


ig!    iM 


Room  6o*  Fahr.,  Outside  Air  o'  Fahr.,  Steam  Prrssurb 
Temperature  an*  Fahr. 

0   LBS.. 

Steam 

i 

•:■; 

o;i; 

1] 

iii 

»49 

Room  70°  Fahk.,   OtrrsiuE  Air  0°  Fahr.,  Hot  Water 
I  Bo'  Fahr. 

at 

Tempe 

RATURE 

'z  i  s 

'3= 

l)i 

"^o|  40j|  J40 

Si  S3  S 

J4o|  l6o^  4&> 

7B0 

>.3«:,.>9:,.78|o.„V3, 

IS 

,18 

■so 

116 

>6, 

2 

III 

(liRerence  of  temperature  per  square  foot  per  hour.     Coefficients  I  to  4  corre- 
spond 10  ordinary  indirect  heatine. 

•To  find  surface  of  heater  multiply  loss  from  room  for  one  degree  difference 
of  temperature  by  the  factor  for  the  given  condiiion.  Results  computed  by 
formula  (6). 
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second  and  third  stories  the  factors  are  to  be  found  in  the 
column  in  which  the  coefficient  is  3. 

The  following  table  gives  the  number  of  cubic  feet  of  air 
required  per  hour  in  indirect  heating  to  maintain  the  proper 
temperature,  as  computed  by  formulae  (4),  for  each  heat-unit 
lost  from  walls  and  windows  of  room  for  a  temperature  of  60° 
or  70°  above  outside  air.  The  total  air  required  will  be  found 
by  multiplying  the  values,  as  given  in  the  table,  by  the  total 
heat  lost  per  degree  difference  of  temperature  from  the  room. 
This  loss  is  designated  by  H  in  formulae  (4),  and  is  approxi- 
mately equal  to  the  glass  plus  ^  the  exposed  wall  surface  ex- 
pressed in  square  feet.     (See  page  70.) 

CUBIC  FEET  OF  AIR  PER   HEAT-UNIT  FROM  WALLS. 


Temperature 

of  Enterinfi^  Air 

above  that  of 

Room. 

Temperature  of  Room, 
Degrees  Fahr. 

6o» 

TO" 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

348 

174 
116 

87 
70 
58 

49 
44 
36 

35 

406 
203 

135 

103 

81 

68 
58 
51 

45 
41 

Thus  to  find  the  number  of  cubic  feet  of  air  required  to 
warm  a  room  to  70°  in  zero  weather,  in  which  the  glass  plus 
one  fourth  the  exposed  wall  surface  equals  128,  and  air  is  in- 
troduced 30°  above  that  in  the  room,  multiply  135,  as  given  in 
the  table,  by  128. 

It  is  usual  to  allow  50  per  cent  more  surface  for  indirect 
than  for  direct  heating,  although  some  engineers  allow  only 
25  per  cent  more. 

In  concluding  this  subject  it  may  be  remarked  that  the 
amount  of  heat  which  is  given  off  from  indirect  heating 
surfaces  would  seem  from  the  experiments  to  depend  largely 
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on  construction.  With  the  surface  erected  closely  together 
the  amount  is  small.  By  better  arrangement  of  the  surfaces, 
so  that  all  parts  are  made  hot,  and  an  ample  opportunity  is 
provided  for  circulation  of  the  air,  the  coefficient  of  heat  trans- 
mission may  be  much  increased.  If  extended-surface  radia- 
tors are  used  and  the  entire  surface  figured  as  effective,  the 
coefficient  should  be  taken  about  lo  per  cent  less  than  assumed 
by  the  writer  in  the  computation.  For  forced  draft  the  coef- 
cient  may  be  safely  taken  as  4  and  6,  or  about  100  per  cent 
greater  than  for  natural  circulation. 

The  following  tables  are  collected  from  various  authorities, 
and  are  of  interest  as  showing  character  of  "  rule  of  thumb  " 
practice  in  providing  indirect  heating  surface  for  rooms  of 
various  kinds.  It  will  be  noted  that  the  amount  specified 
for  the  same  work  differs  more  than  50  per  cent,  which  shows 
the  crudeness  of  estimates  of  this  character. 


CRUDE   ESTIMATE  OF   SPACE   HEATED   BY   i   SQ.   FT.    OF   INDI- 

RECT  STEAM-HEATING   SURFACE. 


Authority. 


Dwellings  : 

First  floor 

Second  floor 

Average 

Living-rooms 

One  side  exposed. . . . 

Two  sides  exposed . . . 

Three  sides  exposed  . 

Halls  and  bath-rooms 

Sleeping-rooms 

Public  Buildings  : 


Offices. 


Banks 

School-rooms 

Factories 

Stores,  wholesale . . . . 

retail 

dry-goods. . . . 

drugs 

Assembly  halls 

Auditoriums 

Churches  

Large  hotels 


<« 


«« 


«< 


K. 


40 


60 
60 


100 
80 

70 
60 


150 
100 


A. 


20  to  35 
40  to  50 


50  to  70 


\  20  to  35  ) 

/  40  to  50  S 

See  Dwellings 

See  Dwellings 

50  to  70 

70 

50 


Soto  135 
80  to  135 
So  to  135 


B. 


40  to    50 


50to    70 


40  to    50 


40  to 
40  to 
50  to 
70 
50  to 


50 
50 
70 

70 


100  to  140 
100  to  140 
100  to  140 


C. 


25  to  35 
40  to  50 


40 


60 
60 


100 
80 
70 
60 


150 
xoo 
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I 


First  floor 

Second  floor 

Third       "    

Living-rooms 

One  side  exposed  . . . . 
Two  »idM  expoKcd.... 
Three  sides  exposed .  ■ 
Hall  and  balh  rooms. 

Sieeping-rooma 

PvBUC  Buildings: 


Siorcs,  wholesale, . 

"      retail 

"      dry-goods . . 

Assembly  halls  .. . , 


Churches 

Large  holds. . 


^ 

'5  1 

as 
30 

30 

'5  « 

as 

as" 

40 

35  to  40 

as  t 

40 

as  t 

40 

9St 

40 

501 

So 

501 

80 

SOI 

80 

120.  Summary  of  Approximate  Rules  for  Estimating 
Radiating  Surface. — As  the  temperature  required  (or  build- 
ings of  various  classes  varies  but  little,  and  as  the  heating  sur- 
face is  usually  estimated  to  be  sufficient  to  heat  buildings 
during  zero  weather  to  a  temperature  of  70  degrees,  some  very 
simple  rules  can  be  given  which  are  founded  on  a  rational  basis, 
and  whicli  with  certain  modifications,  as  explained  (page69), 
for  those  which  are  especially  exposed,  will  be  found  to  give 
good  results  in  practice  which  agree  closely  with  those  used 
by  the  best  heating  engineers.     They  are  as  follows : 

First.  The  amount  of  heat  required  to  supply  that  lost 
from  the  room  per  degree  difference  of  temperature  is  approxi- 
mately equal  to  the  area  of  the  glass  in  square  feet  plus  1/4  the 
exposed  wall  surf  ace.     (See  page  70.) 
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Second.  The  heat  necessary  to  supply  loss  from  ventilation 
for  dwelling-houses^  first  floor y  is  .04  0/  the  cubic  contents  per 
liour  for  living-rooms  ; 

.06  of  the  cubic  contents  for  halls  ; 

.02  of  the  cubic  contents  for  upper  stories. 

For  churches,  auditoriums,  the  loss  to  supply  ventilation 
should  be  taken  as  .005  to  .01  of  the  cubic  contents  ;  for  offices, 
banks,  etc.,  .02  to  .04  of  the  cubic  contents,  depending  upon 
circumstances. 

Note. — 1/50  =  0.02  is  substituted  here  for  1/55  used  in  previous 
calculations.  The  error  thus  made  in  result  is  less  than  one  tenth  of  one 
per  cent  and  is  negligible. 

Third.  To  find  the  radiating  surface  for  direct  steam-heat- 
ing, multiply  the  sum  of  the  numbers  as  given  by  rules  First 
and  Second  by  1/4. 

Fourth.  To  obtain  the  radiating  surface  for  direct  hot- 
water  heating,  multiply  the  sum  of  the  numbers  as  given  by 
rules  First  and  Second  by  0.4  to  0.42.  It  should  be  noted  that 
from  60  to  67  per  cent  more  radiating  surface  is  required  for 
hot-water  than  for  steam  heating,  consequently  it  becomes  pos- 
sible to  compute  radiating  surface  for  both  methods  of  heating 
by  one  rule,  viz.,  that  for  steam-heating,  by  multiplying  for 
hot-water  heating  by  the  proper  factor. 

When  the  minimum  temperature  is  10  degrees  below  zero 
Fahr.,  the  radiating  surface  should  be  increased  by  5  per  cent, 
when  20  degrees  below  zero  by  10  per  cent,  etc. 

For  indirect  heating  the  following  rules  will  give  quite  sat- 
isfactory results  when  the  temperature  of  the  room  is  to  be 
maintained  at  70°  with  outside  air  at  zero  and  the  heated  air 
brought  in  at  a  temperature  30°  above  that  in  the  room.  In 
this  calculation  the  surface  of  the  steam  radiator  is  supposed 
to  be  212°,  that  of  the  hot-water  radiator  170°  Fahr.  The 
coefficients  are  taken  from  the  preceding  table. 

Rule. — The  radiating  surface  for  indirect  heating  is  equal 
to  the  glass  surface  plus  one  fourth  the  exposed  wall  surface 
in  square  feet  multiplied  by  the  following  factors : 

Steam-heating.  Hot-water  Heating. 

1st  Story 0.7  1. 15 

2d      '*      0.6  i.o 

3d      '*     0.5  0.8 
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The  total  amount  of  air  supplied  will  be  given  by  the  fol- 
lowing 

Rule. — The  air  in  cubic  feet  per  hour  is  found  by  multi- 
plying the  radiating  surface,  computed  as  in  above  rule,  by  the 
following  (actors: 

»i*i  »iory 300  I  so 

ad     "     170  130 

Sd     '■     --■   150  "5 

If  this  is  insufficient  for  ventilating  purposes  more  air  must 
be  introduced,  which  must  be  heated  to  70°  F.,  and  this  will 
require  an  additional  foot  of  surface  for  each  additional  300 
cubic  feet  of  air  heated  by  steam,  and  for  each  additional  200 
cubic  feet  healed  by  hot  water. 

Rule  for  aria  of  hot-air  duel  in  indirect  heating: 
^H      The  cross-sectional  area  of  the  hot-air  duct  leading  from  the 
^^padirect  heating  surface  or  radiator  to  the  room  to  be  warmed 
^^nouid   be  as  follows  for  each  square  foot  of  surface  in  the 
^^bdiator 

^^H     For  the  first  siorjr,  square  inches \.%  1.8 

^^^B  "   second  siory.  1.0  \.%% 

^H         •■       "third  0,9 

^H     Make  area  cold  air  flue  75  to  80  per  cent  of  that  of  the  hot 
^pir  flue. 

121.  Flow  of  Water  and  Steam.^ — It  seems  necessary  to 
say  a  few  words  respecting  the  general  laws  which  apply  be- 
fore considering  the  practical  application.  The  velocity  with 
which  water  flows  in  a  pipe  is  computed  from  the  same  general 
laws  as  those  applying  to  the  (all  o(  bodies.  The  velocity  is 
produced,  however,  not  by  actually  (ailing  through  a  given 
distance,  but  by  a  difference  o(  pressure,  which  must  be  ex- 
pressed, not  in  pounds  per  square  inch,  but  in  feet  of  head. 
This  head  is  in  every  case  to  be  found  by  multiplying  the  dif- 
ference of  pressure  by  the  height  required  for  the  given  fluid  to 
make  one  pound  of  pressure.  If  we  denote  by  h  the  difference 
^t  head  as  described,  hy  g  the  force  of  gravity  =  32.16,  by  v 
^c  velocity  in  feet  per  second,  we  would  have  in  case  of  no 
^ction 

V  =  \''z£h. 
The   quantity  discharged   per  second   would  be  found  in 
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every  case  by  multiplying  the  velocity  by  the  area  of  the  ori- 
fice  in  square  feet. 

In  the  flow  of  water  in  pipes  there  is  considerable  friction, 
which  acts  to  reduce  the  velocity  and  the  amount  discharged  ; 
this  increases  with  the  length  and  decreases  with  the  diameter 
of  the  pipe. 

The  actual  flow  depends  upon  experimental  results  and 
agrees  quite  accurately  with  computations  from  the  formula 
already  given,  which  are  restated  here  for  convenience.  Let 
V  =  the  velocity  in  feet  per  second,  q  =  the  quantity  discharged 
in  cubic  feet  per  second,  w  =  the  weight  in  pounds  discharged 
per  second,  u/  =  the  weight  in  pounds  per  minute,  /  =  the 
length  of  the  pipe  in  feet,  It  =  the  head  in  feet,  /  =  the  loss  of 
pressure  in  pounds  per  square  inch  corresponding  to  A,  <J  = 
the  weight  per  cubic  foot. 

For  flow  of  water.  For  flow  of  steam. 

The  friction  caused  by  bends  and  by  passing  through 
valves  and  into  entrance  of  pipes  is  of  considerable  amount, 
and  often  requires  consideration.  It  can  be  considered  as 
producing  the  same  resistance  to  flow  as  though  the  pipe  had 
been  increased  in  length  certain  distances  as  follows :  90-degree 
elbow  is  equivalent  to  increase  in  length  of  the  pipe  520  diam- 
eters, globe  valve  700  diameters,  entrance  of  a  pipe  in  tee  or 
elbow  60  diameters,  entrance  in  straight  coupling  20  diameters. 

The  flow  of  steam  in  pipes  presents  some  problems  slightly 
different  from  that  of  flow  of  air  (Articles  31  and  32),  but  in 
many  respects  the  two  cases  are  similar.  There  is  a  tendency 
for  the  steam  to  condense,  which  changes  the  volume  flow- 
ing and  affects  the  results  greatly.  The  effect  of  condensa- 
tion and  friction  is  to  reduce  the  pressure  in  the  pipe  an 
amount  proportional  to  the  velocity  and  also  to  the  distance, 
and  these  losses  are  greater  as   the  pipe  is   smaller.     There 
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are  at  the  present  time  exact  data  regarding  the  steady  flow  of 
steam  in  pipes,  yet  it  has  been  customary  for  writers  to  assume 
that  the  same  laws  which  apply  to  the  flow  of  water  hold  true 
for  steam  also,  and  that  the  same  methods  can  be  used  in  com- 
puting quantities.  These  results  are  certainly  safe,  although 
00  doubt  giving  sizes  somewhat  larger  than  strictly  necessary 
[or  the  purposes  required. 

In  estimating  the  size  of  steam-pipe  for  power  purposes  it 
is  customary  to  figure  the  area  of  cross-section,  such  as  giving 
a  velocity  of  flow  not  exceeding  100  feet  per  second.  This 
velocity  is  generally  accompanied  by  a  reduction  of  pressure 
in  a  straight  pipe  of  about  one  pound  in  100  feet.  For  steam- 
heating  purposes  the  general  practice  is  to  use  a  much  larger 
pipe  and  lower  velocity,  so  that  the  total  reduction  in  pressure 
on  the  whole  system  is  much  less  ;  the  effect  of  a  drop  in  pres- 
sure of  one  pound  will  cause  the  water  to  stand  in  the  return 
pipe  in  a  gravity  system  2.4  ft.  above  the  water-level  in  the 
boiler. 

The  velocity  of  water  and  steam  in  a  gravity  system  of 
heating  is  due  to  a  different  cause  from  that  in  the  case  just 
considered,  for  the  reason  that  the  pressure  upon  the  heater 
acts  uniformly  in  all  directions,  and  exerts  the  same  force  to  pre- 
vent the  flow  into  the  boiler  from  the  return,  as  to  produce  the 
flow  into  the  main.  For  such  cases  the  sole  cause  of  circula- 
:ion  must  be  the  difference  in  weight  of  the  healed  bodies,  hot 
Water,  or  steam  in  the  ascending  column  and  the  cooler  and 
heavier  body  in  the  descending  column.  The  velocity  induced 
by  a  given  force  will  be  reduced  in  proportion  as  the  mass 
moved  is  greater.  In  the  case  of  steam-heating  the  difference 
between  the  weight  in  the  ascending  and  descending  column 
is  so  great  that  the  velocity  will  not  be  essentially  different 
from  that  of  free  fall,  provided  correction  is  made  for  loss  of 
head  due  to  friction,  etc.,  as  explained,  but  in  case  of  hot  water 
the  theoretical  velocity  produced  will  be  found  very  small. 

The  case  is  very  similar  to  the  well-known  problem  in 
mechanics  in  which  two  bodies  A  and  B  of  unequal  weights 
are  connected  by  a  cord  passing  over  the  frictionless  pulley  C 
IFig.  190). 
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The  heavier  body  B  in  its  descent  draws  up  the  lighter  body  A,  In 
this  case  the  moving  force  is  to  the  force  of  gravity  as  the 
difference  in  the  weights  is  to  the  sum  of  the  weights,  and 
the  velocity  is  the  square  root  of  twice  the  force  into  the 
height. 

In  other  words,  if  /  equals  the  moving  force,  we  have 
by  proportion 

f'.gwB-^A'.B-itA, 
from  which 


B^A' 


which,  substituted  in  place  of/  in  formula  v  =  i^/^ gives 
the  following  as  the  velocity : 


k 


z/=|/ 


2g-(^  -  A)k 
B  ^-  A 


Fig.  190. 

h  bemg  the  height  fallen  through. 

In  applying  this  to  the  case  of  hot-water  heating  we  have,  instead  of 

the  descent  and  ascent  of  two  solids  of  different  weights,  the  descent 

and  ascent  of  columns  of  water  connected  as 

shown   in  Fig.  191,  the  heated  water  rising  in 

the  branch  ^/^and  the  cooler  water  descending 

in  the  branch  BC.    The  force  which  produces 

the  motion  is  the  difference  in  weight  of  water 

in  the  two  columns;  the  quantity  moved  is  the 

sum   of  the  weight  of  water  in  both  columns. 

This   is  equal  to  the   difference  in  weight   of 

I  cubic   foot  of  the  heated  and  cooled  water 

divided   by  the  sum,  multiplied   by  the   total 

height  of  water  in  the  system,  so  that  if  Wx 

represents  the  weight  of   i  cubic  foot  in  the 

column  BC,  and  \V  represents  the  weight  of  i 

cubic  foot  in  the  column  AF,  and  h  represents 

the  total  height  of  the  system,  then  the  velocity 

of  circulation  will  be,  in  feet  per  second. 


^=/^ 


//( \v,  -  W) 


( W,  +  W) 


Fig.  191.— Circulation 
IN  Hot- WATER  Pipes. 


In  this  formula  no  allowance  whatever  is  made  for  friction, 
consequently  the  results  obtained  by  its  use  will  be  much  in 
excess  of  that  actually  found  in  pipes.  The  amount  of  fric- 
tion will  depend  upon  the  length  of  pipe  and  its  diameter. 
As  result  of  experiment  the  writer  found  considerable  variation 


DES/G.V    OF  STEAM  AND    HOT-WATER    SY 


25  r 


in  different  measuremciils  of  velocity,  but  in  no  case  did  he 
find  a  velocity  greater  than  that  indicated  by  the  formula. 
The  following  table  is  calculated  from  the  formula  wilhout 
allowance  for  loss  by  friction.  Tlic  computation  is  made  with 
the  colder  water  at  160  degrees  F.,  although  little  difference 
would  be  found  in  calculations  at  other  temperatures. 

VELOCITY   IN    FEET    PER    SECOND   IN    HOT-WATER    PIPES. 


!-■.- 

r-^ 

%1l 

r^ 

& 

h 

5* 

'"* 

IS* 

■    . 

8.03 

0.107 

0.242 

0.335 

0.4H 

0.478       0 

IQI 

<,.67a 

17-q 

211 

0.541 

0.75a 

o.gaa 

og         1 

■vt 

1-51 

H  >o 

3S.4 

«» 

0.765 

1.06 

1.3J 

SS         I 

3.14 

461 

1.08, 

1.8s 

M> 

1     30 

1.83 

68          3 

40 

S»-7 

b« 

153 

2. 61 

08          3 

76 

so 

56-7 

712 

1,71 

a- 37 

a, 83 

47         4 

4.77 

60 

63.1 

Boa 

3-39 

3.ao 

79          4 

6a 

5." 

70 

67.1 

866 

a. So 

3.45 

08          4 

')7 

5.65 

76.1 

q12 

a, 3) 

3.18 

3.91 

64         5 

6.41 

B0.3 

1.037 

2.4a 

3-3S 

4-13 

93 

km 


This  table  is  of  interest  for  the  reason  that  most  computa- 
tinns  of  the  velocity  of  circulation  of  hot  water  have  entirely 
neglected  the  effect  that  the  mass  or  weight  of  tlie  water  moved 
has  on  the  velocity,  and  hence  the  results  1 
as  computed  have  been  many  times  greater  , 
than  actually  found.  The  method  usually  I 
employed  in  computing  this  velocity  has 
been  to  consider  the  denser  and  lighter 
fluids  occupying  the  relative  positions  shown 
'in  Fig.  192,  the  Ughter  fluid  being  in  one 

inch  of  the  U  tube,  the  heavier  in  the 
other.*  If  the  cock  be  opened,  equilibrium 
will  be  established,  and  the  lighter  liquid 
will  stand  in  the  branch  higher  than  the 
heavier  a  distance  sufficient  to  balance  the  '"■'  "''' 

difference  in  weight.     If  we  suppose  (1)  the  cock  closed  and 


^Ljlnow*,  Ibis 

L 


•SeeHoi>d'9Workon 
'*,  Ibis  (heorj  has  n< 


"  Warming  Buildings."  page  17.     So  far  a: 

[  befote  been  quesliuncd. 
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enough  of  the  heavier  material  added  to  the  shorter  column, so 
that  the  heights  in  each  are  the  same ;  (2)  the  cock  opened, 
then  the  heavier  liquid  will  move  downward  and  drive  the 
lighter  liquid  upward  with  a  velocity  said  to  be  equal  to  that 
which  a  body  would  acquire  in  falling  through  the  distance 
equal  to  the  difference  in  heights  when  the  columns  were  in 
equilibrium.  This  gives  too  great  results,  because  it  neglects 
the  effect  of  the  mass  of  the  bodies  moved.  If  friction  be  con- 
sidered, we  should  have  as  a  probable  expression  of  velocity, 
using  the  same  notation  as  on  page  218, 
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122.  Computation  of  Steam-piping. — An  approximate 
method  of  computing  the  size  of  pipes  required  for  steam 
heating  would  be  as  follows :  First  find  the  amount  of  steam 
by  dividing  the  total  number  of  heat-units  given  out  by  i 
square  foot  of  radiating  surface  by  the  latent  heat  in  i  pound 
of  steam,  this  will  give  the  weight  of  steam  required  per  square 
foot;  this  multiplied  by  the  number  of  cubic  feet  in  i  pound 
of  steam  will  give  the  volume  which  will  be  required  for  each 
square  foot  of  radiating  surface.  Knowing  this  quantity  the 
size  of  pipe  may  be  computed  from  the  considerations  already 
given,  either  by  formulae  of  Article  121  or  by  assuming  the 
velocity  of  flow  as  equal  that  due  to  the  head,  corrected  for 
friction  ;  25  to  50  feet  per  second  can  in  nearly  every  case  be 
realized.  As  an  illustration  ;  compute  the  size  of  main  steam- 
pipe  required  to  supply  1000  feet  of  radiating  surface  with 
steam  at  a  temperature  of  212  degrees  when  the  surrounding 
temperature  of  the  air  is  70:  For  this  case  I  square  foot  of 
radiating  surface  can  be  assumed  ordinarily  as  giving  off 
(1.8  times  142)  255  heat-units.  To  supply  lOOO  feet  of  surface 
255,000  heat-units  per  hour  would  be  required ;  as  each  pound 
of  steam  during  condensation  (see  steam  table)  will  give  up 
966  heat-units,  we  will  need  for  this  purpose  264  pounds  per 
hour ;  and  as  each  pound  of  steam  at  this  temperature  makes 
26.4  cubic  feet,  we  will  require  6970  cubic  feet  of  steam  per 
hour,  or  1.94  cubic  feet  per  second. 

If  we  proportion  the  pipes  so  that  the  velocity  shall  not 
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biceed  25  feet  per  second,  the  area  of  the  pipe  must  be  0.077 
:uarc  foot,  which  equals  ii.i*  square  inches.  For  this  we 
"Duld  require  a  pipe  4  inches  in  diameter.  If  we  had  as- 
bmed  the  velocity  to  be  50  feet  per  second,  the  area  would 
pve  been  5.6  square  inches  and  the  diameter  3  inches;  if  we 
d  assumed  a  velocity  of  100  feet  per  second,  the  area  required 
ould  have  been  2.8  square  inches  and  the  diameter  of  the 
;  required  would  have  been  somewhat  less  than  2  inches. 
;  friction  in  a  pipe  when  steann  is  moving  at  a  velocitj'  of 
3  feet  per  second  causes  a  reduction  in  pres.sure  of  about  ij 
in  100  feet,  a  velocity  of  50  feet  per  second  causes 
about  \  as  much,  and  a  velocity  of  25  feet  about  ^^  as  much. 
Indirect  surfaces  of  the  same  extent  usually  require  twice  as 
much  steam  and  a  pipe  with  area  twice  as  great  as  that  needed 

Ilbrdirect  radiation. 
\  For  the  single-pipe  system  0/ healing  zn  additional  amount 
n  space  must  be  provided  in  the  steam  main  to  permit  the 
pturn  of  the  water  of  condensation.  The  actual  space  occupied 
my  the  water  is  small  compared  with  that  taken  by  the  steam, 
put  in  order  to  afford  room  for  the  free  flow  of  the  currents 
of  water  and  steam  in  opposite  directions,  experience  indicates 
that  about  50  per  cent  more  area  should  be  provided  than  "is  re- 
quired in  the  separate  return  or  double  pipe  system  of  heating. 
By  similar  computations  we  obtain  the  following  factors, 
which  are  to  be  multiplied  by  the  radiating  surface  to  obtain 
areas  and  diameters  of  steam-heating  mains  in  inches: 

APPROXIMATE   AREA   AND   DIAMETER   OF   STEAM-MAIN. 
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The  table  on  page  223  gives  in  the  first  column  the  velocity 
of  steam,  in  the  second  column  the  corresponding  area  of  pipe 
in  square  inches  required  for  each  100  square  feet  of  radiating 
surface  for  the  double  and  single  pipe  systems  of  heating,  in 
the  third  column  the  diameter  of  pipe  for  each  square  foot 
of  radiating  surface  for  both  systems  of  heating,  which  latter 
is  to  be  multiplied  by  the  square  root  of  the  given  radiating 
surface,  to  obtain  the  diameter  required.  Column  4  gives  the 
approximate  back  pressure  in  inches  of  water  per  100  feet  in 
length  of  the  main  for  steam  having  the  same  velocity  as  in 
column  I.  Column  5  suggests  steam-pressures  which  will 
render  any  of  these  values  satisfactory  in  practice. 

As  an  example  showing  use  of  table,  suppose  that  a  main 
pipe  to  supply  650  square  feet  of  radiating  surface  is  needed  in 
a  single-pipe  system  in  which  the  back  pressure  shall  be  about 
12  inches  of  water-column  per  100  ft.  of  length.  The  assumed 
resistance  is  found  in  column  4  and  corresponds  to  a  velocity  of 
about  62.5  feet  per  second. 

Column  2  gives  the  factor  for  the  area  of  pipe  as  0.56,  which, 
multiplied  by  6.50,  gives  3.64  sq.  in.  as  the  required  area.  The 
diameter  can  be  obtained  from  this  result  or  computed  by 
multiplying  the  square  root  of  the  radiating  surface  by  the 
number  in  column  3.  The  square  root  of  650  is  25.4.  This 
multiplied  by  0.09  gives  the  diameter  required  as  2.3  in.  For 
this  case  a  2i-inch  pipe  must  be  used.  For  the  double-pipe 
system,  the  factor  for  area  would  be  O.375  and  that  for  diameter 
would  be  0.069.  The  required  pipe  for  the  case  considered 
would  have  a  diameter  of  1.75  in.  The  size  next  largest,  viz., 
2.0  in.  should  be  used  for  the  steam-main.  For  calculating  re- 
turn see  Article  123. 

Most  of  the  rules  which  have  been  given  for  determining 
sizes  of  steam-pipe  when  the  radiating  surface  only  is  given  will 
be  found  included  in  the  tabulated  values.  Thus  Mr.  George  H. 
Babcock  gives  a  rule  for  gravity  heating-systems  with  separate 
returns  as  follows  :*  "  The  diameter  of  the  mains  leading  from 
the  boiler  to  the  radiating  surface  should  be  equal  in  inches  to 
one  tenth  the  square  root  of  radiating  surface,  mains  included. 


*  Transactions  American  Society  Mechanical  Engineers,  May,  1885. 
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Jn  square  feet."  This  rule  is  also  adopted  by  William  J.  Bald- 
win, and  given  in  his  book  on  "  Steam-heating."  *  By  consult- 
ing the  table  already  given,  column  3,  this  factor  would  corre- 
spond to  a  velocity  of  steam  slightly  exceeding  25  feet  per 
second,  and  would  be  adapted  for  low-pressure  steam-heating 
in  small  plants. 

One  authority  t  gives  the  following  rules  for  determining 
the  cross-sections  of  area  of  pipes:  "  I-'or  steam-mains  and 
returns  it  will  be  ample  to  allow  a  constant  of  0.375  ^'f  ^  square 
inch  for  each  100  square  (eet  of  heating  surface  in  coils  and 
radiators,  0,375  of  a  square  inch  when  exhaust  steam  is  used, 
0.19  of  a  sq.  inch  when  live  steam  is  used,  and  0.09  of  a  square 
inch  for  the  return.  Steam-mains  should  never  be  less  than 
\\  inches,  nor  the  returns  less  than  three  fourths  of  an  inch,  in 
diameter."  Mr.  Alfred  R.Wolff  uses  a  table  which  is  com- 
puted by  formulae  similar  to  those  given  on  page  218  for  ob- 
the  capacity  of  steam-mains  of  a  given  diameter,  the 
capacity  being  expressed  both  in  heat-units  delivered  and 

idialing  surface.     This  table  is  given  on  page  226rt  and  will 
be  found  convenient  and  accurate. 

The  size  of  main  steam-pipe  depends  on  the  consideration 
already  given  ;  the  smaller  the  size  the  greater  the  resistai 
the  steam  and  the  more  friction  and  consequent  back  pressure 
on  the  system:  the  larger  the  pipes  that  are  used  the  less  the 
resistance,  and,  in  general,  the  more  satisfactory  the  results, 
but  economy,  of  course,  forbids  the  use  of  pipes  beyond  a  cer- 
tain size,  and  that  size  should  be  selected  by  considerations 
relating  to  pressure,  velocity  of  steam,  and  friction,  as  ex- 
plained. 

The  methods  of  computing  sizes  of  steam-mains  which  have 
been  given  allow  sufficiently  for  friction  for  cases  in  which  the 
pipes  are  not  of  considerable  length,  as  in  residence  heating  ; 
but  when  steam  must  be  carried  a  long  distance  more  satis- 
factory  results  will  be  obtained  by  computing  the  capacity  from 
.the  formula  given  in  Article  121.  In  practical  designing  the 
luthor  would  advise  the  use  of  some  one  of  the  following 
[tables  as  giving  pipe  sizes  more  accurately  than  the  preceding 
yules. 

"  "Steam-bcalinK  for  Hui 
f  Van  Noiiiand-s  Science 
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INTERNAL  DIAMETERS  OF    STEAM-MAINS  FOR  A  SINGLE-PIPB 
SYSTEM  OF    HEATING   BY  DIRECT  RADIATION.* 

tSteam-prenure  10  Ibc.  above  atmosphere,  frictiooal  resistance  3  in.  of  water-column.l 
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*  Ttie  table  is  computed  by  formulse  for  d,  page  218,  in  which  h  =  318.6, 
Q  =  9.2,  cu.  ft.  of  steam  per  minute  for  100  sq.  ft.  radiating  surface.  The 
table  is  computed  for  straight  pipes  with  water-level  in  returns  6  inches  above 
that  in  boiler.  In  case  there  are  bends  or  obstructions  consider  the  length  of 
pipe  increased  as  follows :  Right-angle  elbow  40  diameters ;  globe- valve  125 
diameters ;  entrance  to  tee  60  diameters,  For  other  resistances  and  steam- 
pressures  multiply  the  diameters  as  given  above  by  the  following  factors : 

Water-level  in  return  above  boiler 2  in.         12  in.         18  in. 

Multiply  by 1.25         0.88  0.80 

Steam-pressure  above  atmosphere 0.5  lbs.   8  lbs.         5  lbs. 

Multiply  by 1.22         1.16  1.09 

For  obtaining  the  diameter  of  steam-main  to  be  used  in  case  there  is  a 
separate  return  multiply  the  above  results  by  0.82. 

For  indirect  heating  without  separate  return  multiply  above  results  by  1.4, 
with  separate  return  use  the  results  in  the  form  given. 

Do  not  use  steam-pipe  less  than  i^  inches  in  diameter. 
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The  following  tabic  will  be  found  convenient  for  obtaining 
the  size  of  a  steam-main  for  low-pressure  steam-heating,  single- 
pipe  system,  for  various  lengths.  The  table  is  computed  from 
same  formulae  as  those  on  f  age  2561  but  for  a  lower  steam- 
pressure,  and  results  are  given  in  commercial  sizes  of  pipes. 

COMMERCIAL  SIZES  OF  STEAM-MAINS  FOR  A  SINGLE  PIPE. 
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TABLE  FOR  THE  CAPACITY  OF  STEAMPIPES   100  FEET  IN 
LENGTH  WITH  SEPARATE  RETURNS. 

By  A.  R.  Wolff. 
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In  above  table  each  square  foot  of  radiating  surface  is 
assumed  to  transmit  250  heat-units  per  hour,  a  safe  and  con- 
servative estimate,  as  will  be  seen  by  consulting  Chapter  IV. 

For  pipes  of  greater  length  than  100  feet  multiply  results 
in  the  above  table  by  the  square  root  of  100  divided  by  the 
length.  In  all  cases  the  length  is  to  be  taken  as  the  equivalent 
length  in  straight  pipe  of  the  pipe,  elbows,  and  valves,  as  given 
on  page  226.  For  other  lengths  multiply  above  results  by 
following  factors: 

Lengih  of  pipe  in  feel. .  200   300   400   500   600   700   800   900   1000 
factor 0.71  0.58  0.5   0.45  0.41  0.3S  0.35  0.33  0.32 

For  example,  the  capacity  of  a  pipe  8  inches  in  diameter 
and  800  feet  long  would  be  0.35  of  12800  sq.  ft.  of  radiating 
surface  =  4480  sq.  ft.  It  will  be  noted  that  the  size  of  return 
specified  by  Mr.  Wolff  is  about  one  pipe-size  greater  than  be- 
lieved to  be  necessary  by  the  author,  but  sizes  of  main  steam- 
pipe  are  in  substantial  agreement  with  tables  on  pp.  256  and  257. 
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t  table  of  commercial  sizes  of  steam-mains 
111  proportioning  pipe  sizes.  In  using  the  table,  first  find  the 
size  of  the  branch  pipes  from  single  radiators,  and  then  the 
si^e  of  tiie  mains  which  will  be;  increased  with  amount  of 
radiation  carried,  as  shown  in  the  table. 

123.  Size  of  Return-pipes,  Steam-heating. — The  size 
of  return-pipes,  if  figured  from  the  actual  volume  of  water  to 
be  carried  back,  would  be  smaller  than  is  safe  to  use,  largely 
because  of  air  which  is  contained  in  the  steam-pipes,  and  which 
does  not  change  in  volume  when  the  steam  is  condensed.  For 
ihis  reason  it  is  necessary  to  use  dimensions  which  have  been 
proved  by  practical  experience  to  be  satisfactory.  When  the 
steam-main  is  large,  the  diameter  of  the  return-pipe  will 
prove  satisfactory  if  taken  one  size  less  than  one  half  that  of 
the  steam-pipe :  but  if  the  steam-main  is  small,  for  instance, 
5  inches  or  less,  the  return-pipe  sliouid  be  but  one  or  two  sizes 
smaller.  The  return-pipe  should  never  be  less  than  I  inch,  in 
order  to  give  satisfactory  results.  The  following  table  suggests 
sizes  of  returns  which  will  prove  satisfactory  for  sizes  of  main 
^Uteam-pipes  as  given  : 

^H  The  size  of  return-pipes,  if  computed  on  basis  of  reduction 
^^1  volume  due  to  condensation  of  the  steam,  supposing  the 
steam  to  have  a  gauge-pressure  of  40  pounds  and  that  one  half 
its  volume  is  air,  would  be,  neglecting  friction,  about  one  sixth 
o(  that  of  the  main  steam-pipe,  which  is  much  smaller  than 
would  be  considered  safe  in  practice. 
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Main  and  Return-pipes  for  hidirect  Heating  Surfaces. — The 
indirect  heating  surfaces  require  about  twice  as  much  heat  as  the 
same  quantity  of  direct  radiating  surface,  and  hence,  for  same  re- 
sistance in  the  pipe,  the  area  should  be  twice  that  required  in  di- 
rect heating.  It  will  usually  be  sufficiently  accurate  to  use  a  pipe 
whose  diameter  is  1.4  times  greater  than  that  for  direct  heating. 

Reliefs  and  Drip-pipes. — The  size  of  drip-pipes  necessary  to 
convey  the  water  of  condensation  from  a  main  steam  to  a 
return  cannot  be  obtained  by  computation,  as  there  is  much 
uncertainty  regarding  the  amount  of  water  that  will  flow 
through. 

As  the  flow  through  the  relief  tends  to  increase  the  press- 
ure in  the  return,  it  may  also  serve  to  lessen  the  velocity  of 
flow  beyond  the  point  of  junction,  provided  the  size  is  greater 
than  necessary  to  carry  ofl  the  water  of  condensation  from  the 
steam-main.  Drip-pipes  should  be  united  to  the  return  in 
such  a  manner  as  to  re-enforce  rather  than  impede  the  circula- 
tion, which  result  can  usually  be  attained  by  joining  the  pipes 
with  60  or  45  degree  fittings. 

The  writer  would  recommend  the  employment  of  the  fol- 
lowing sizes  of  drip-pipes  as  ample  for  usual  conditions : 

DIAMETER  OF   DRIP-PIPE   FOR    STEAM-MAINS  OF   VARIOUS 

LENGTHS. 


Length  of  Steam-main  in  Feet. 

Diameter 

of 

0  to  100. 

100  to  200. 

aoo  to  400. 

400  to  600. 

Steam-main, 

Inches. 

Diameter  of  Drip-pipe  in  Inches. 

OtO  2 

\ 

\ 

i 

1 

3 

\ 

4 

* 

I 

4 

\ 

\ 

I 

li 

5 

\ 

I 

u 

li 

6 

I 

li 

1 

li 

124.  Size  of  Pipes  for  Hot-water  Radiators.— Method 
of  computation  of  the  velocity  with  which  circulation  will  take 
place  in  a  hot-water  heating-system  without  friction  has  been 
considered  in  Article  121,  page  250.     In  some  instances  this 
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relocity  i; 


icreased  by  bubbles 


of  ^ 


wliicli 


steam  ' 

I  risers  and  reduce  the  specific  gravity  of  the 

"water  in  the  ascending  pipes  to  such  an  extent  that  the  actual 

velocity  produced  is  much  in  excess  of  what  would  have  been 

possible  had  no  steam  formed.    This  condition  is  undesirable, 

as  it  is  usually  accompanied  with  more  or  less  noise  and  a  very 

high  temperature  in  the  boiler,  and  should  not  serve  as  a  basis 

for  designing  main-pipes  to  be  used  in  hot-water  heating  ap- 

paratus.     It  should  not  be  recommended  that  heaters  be  run  in 

Krtuch  a  manner  as  to  produce  steam  in  any  part  of  the  circulation. 

^P      The  heat  which  is  given  off  from  radiating  surfaces  of  va- 

Btious  kinds  has  already  been  considered  (page  204),  and  as  each 

thermal  unit  given  off  by  the  surface  is  obtained  by  the  cooling 

of  one  pound  of  water  one  degree  in  temperature,  it  is  easy 

to  compute   from   the   data  already  given  (i)  the  weight  of 

water  required,  and  (2)  the  number  of  cubic  feet  needed  to 

heat  each  square  foot  of  radiating  surface. 

The  following  table  gives  the  data  necessary  for  computing 
the  volume  of  water  required  to  supply  radiating  surface  for 
various  conditions  likely  to  occur  in  heating : 

■                                          HOT-WATER   HEATING. 
Data  Usko  m  Computmion  op  Tables, 
kmperalure  outside  air o  o  o  o  o 

Tempeiature  naierin  radiator..       140  160  180  300  sao 

Heai-uniis  per  degice  difl.  lent- 
peralutc  per  squate  foot  pet 

tiout 1.4  1-45  »-S  l.^  I   B 

_.  Weighioteu.d.  water,  pounds,.     61.37         60.98        60.55        60.07        59^4 
1^01:11  bear-uiii»  per  s<|uare  foot 
^B^  per  hour  i 

^B       Room  60°  per  sq.  ft 113  145  'So  134  38S 

^P  70*    ■'  ■■ 98  130  i6s  aoS  370 

Ck^V  fill  of  wal/r  reqttirtd  In 

tupftv  em  if.  fl.  fir  h»ur. 

Radiator  cooled   5'— Room   ;o*     0.316  0.416         0,546         0.086         o.goJ 

60°     0.39!)         0.471         o.sga         o,;4q        u  970 

Rvliator  cooled  io°—     "      70°     0.158         0.513        0,373        o-343        0.451 

"  '■      5o°    0.183        n.iyb        0,396        0.37  0.483 

Radiator  cooled  15'—     "      70*    o.  rjS         0.(43        o.iBa        0,338        0.339 

"      6o'    0.13a         0.1S7        0-131        0,147        o-J^' 

Radiator  cooled  30* —     "       lo"    0,079        o-'o?        o,i37        0.173        o.»a6 

■■  ■•  "      6a*    o. 091         0.1 i3        0,148        0.175       ,0,241 

By  dividing  the  number  of  cubic  feet  to  be  supplied  per 
hnar  by  the  velocity  with  which  the  water  moves  per  hour  we 
ibtain  the  area  of  the  pipe  in  square  feet. 
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The  general  case  from  which  practical  tables  may  be  com- 
puted can  best  be  considered  by  the  use  of  formulae,  as  fol- 
lows : 

Let  w  equal  the  weight  of  water  per  cubic  foot,  let  H  equal  total 
heat  per  square  foot  per  hour  from  radiator,  R  total  radiating  surface,  Q 
number  of  cubic  feet  of  water  per  hour,  A  area  of  pipe  in  square  feet,  a 
area  of  pipe  in  square  inches,  v  velocity  in  feet  per  second  as  given  in 
table,  page  221,  F  equal  velocity  in  feet  per  hour,  T' loss  of  temperature  of 
water  in  radiator.    We  have  the  following  formulae: 

(i)    a  =  144^. 
(2)     V  =  36ooz^. 

.V     H^  —o\  '^^^^  ^^^^  divided  by  heat  given  off  by  I 
v3;    wT^^X  cu.  ft.  equals  total  number  of  cubic  feet. 

(5)  Q  =  25az/.     Equate  (3)  and  (5),  and 

2^avwT 

(6)  H^    ^  ^      . 

HR 

By  taking  special  values  corresponding  to  temperatures  of  water  and 
of  surrounding  air  we  can  reduce  these  formulae  to  simple  forms.  Thus, 
if  the  temperature  of  the  radiator  is  180*  and  of  the  room  70*,  the  total 
heat-units  given  off  per  hour,  //,  will  be  165.  If  we  further  assume  that 
the  water  in  the  radiator  cools  during  the  circulation  a  certain  amount, 
say  10  degrees,  T  will  equal  10,  weight  of  water  ze/  will  equal  60.5  pounds, 
and  we  shall  have  formulae  8  and  9 : 

(8)     R  =  92az/. 
R 

For  the  above  condition  the  radiating  surface  is  equal  to 
92  times  the  area  of  the  main  pipe  in  square  inches  times  the 
velocity  of  the  water  in  feet  per  second  ;  and  further,  the  area 
in  square  inches  is  equal  to  the  radiating  surface  divided  by 
92  times  the  velocity.  The  velocity  in  feet  per  second  will 
depend  upon  the  height,  the  difference  of  temperature,  and 
amount  of  friction. 

The  following  table  gives  relations  of  radiating  surfaces  to 
p.reas  of  main  pipes,  friction  neglected.  For  distances  less 
than  200  ft.  sufficient  allowance  for  friction  will  be  made  by 
making  the  main  one  size  larger  than  required  by  table. 
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AREA   AND    DIAMETER   OF  HOT-WATER  HEAT1NG-MA!N. 
DIRECT   RADIATION.* 


11) 

(J) 

<3j 

I4> 

(S) 

Uttaht. 

Vilocily  W.ler 

rs2."'i, 

i!si','&^3r,' 

Radian  de  Surlice 
for  AfeiM^n  by 

^i^^X 

, 

3.26 

O.JOS 

S 

0.750 

'-45 

0. 133 

0.0081 

1.06 

1,03 

0.113 

0.017 

i.jS 

0.85 

0.104 

'5 

0.723 

O.oqs 

0.035 

35 

1.67 

0.6s 

::s; 

0.O44 

30 

o.;g5 

0.05a 

40 

0.513 

0.081 

0.07a 

50 

o.j6 

0.076 

0.088 

0.42 

80 

0.36a 

0.06S 

100 

3. 35 

0.334 

o.(Ai 

0.176 

In  the  above  tabic  column  (i)  gives  the  height  in  feet; 
Mlumn  (2)  the  velocity  corresponding  to  the  head  for  a  reduc- 
hion  in  temperature  of  10"  F.;  column  (3)  is  the  area  in  square 
pinches,  neglecting  friction,  for  each  100  square  feel  of  radiating 
surface  ;  column  (4)  is  the  corresponding  diameter  of  pipe 
required  for  each  square  foot  of  surface,  and  is  to  be  multiplied 
by  the  number  of  square  feet  of  radiating  surface  to  give  the 
diameter  for  any  given  case;  the  actual  diameter  should  be  one 
pipe  size  greater ;  column  (5)  is  the  equivalent  head  whicU 
would  produce  the  same  velocity  if  falling  freely  in  the  air. 

The  preceding  table  is  in  the  same  form  as  that  given  for 
diameters  of  steam-main.  If  we  consider  10  feet  as  the  aver- 
age height  or  head  producing  circulation  for  the  first  floor,  it 
will  be  seen  that  we  shall  need,  neglecting  friction,  one  square 
inch  in  area  in  our  main  pipe  for  each  100  square  feel  of  radia- 
tion, or  the  diameter  of  our  pipe  would  be  found  for  this  case 

B    *  As  illustrating  the  uie  a\  the  table,  compute  the  area  of  main  pipe  needed 

Hbsuppljr  3 JO  square  feel  of  direct  radiation  siluated  15  feel  above  ihe  healer. 

^The  area  is  obiained  by  muliiplving  3.5  by  0.65,  nhirh  will  equal  s.aS  square 

inches.     The  diameter  can  be  found   from  this,  or  it  m^y  be  obiained  from 

column  (4),  by  multiplying  the  square  root  of  350  by  o.oqi.     The  square  coot  of 

3iO  i*  1S.7,  the  product  is  1.7.     The  pipe  used,  if  the  distance  is  about  loO  lee(, 

"lould  be  1I  inches  in  diameter. 
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as  equal  approximately  to  \  of  the  square  root  of  the  radiating 
surface  in  square  feet. 

If  the  temperature  of  the  water  be  supposed  to  change  20°  in 
passing  through  the  radiatorsythe  required  area  of  the  main  would 
be  one  half  of  that  given  by  the  table  ;  if  15°,  two  thirds,  etc. 

In  hot-water  heating  the  return-pipe  must  have  the  same 
diameter  as  the  supply-pipe^  since  there  is  no  sensible  change 
in  bulk  between  the  hot  and  cold  water. 

We  may  take  as  a  practical  rule,  applicable  when  less  than 
200  feet  in  length  :  The  diameter  of  main  supply-  or  return-pipe 
in  a  system  of  direct  hot-water  heating  should  be  one  pipe-size 
greater  than  the  square  root  of  the  number  of  square  feet  of  radiat- 
ing surface  divided  by  gfor  the  first  story,  by  \o  for  the  second 
story,  and  by  1 1  for  the  third  story  of  a  building ;  for  indirect 
hot-water  multiply  above  results  by  1.5. 

The  table  given  for  commercial  sizes  of  steam-mains  in  a 
single-pipe  system  of  heating  applies  with  accuracy  to  systems 
of  hot-water  heating  and  is  easily  and  quickly  applied.  The 
table  is  to  be  used  as  explained  for  steam-heating. 

125.  Size  of  Ducts  for  Air-supply  and  Ventilation. — 
An  approximate  method  of  computing  the  sizes  of  air-flues 
would  evidently  be  that  of  dividing  the  total  amount  of  air 
which  is  required  in  a  given  time  by  that  delivered  or  dis- 
charged through  a  flue  one  square  foot  in  area.  A  table  is 
given  for  capacity  of  ventilating-pipes,  see  Appendix,  Table 
XXV.  The  air  required  can  be  found  as  explained  in  Article  1 19, 
or  by  consulting  the  table,  page  243. 

As  an  illustration,  consider  the  same  problem  as  in  previous 
cases,  viz.,  that  of  a  room  with  48  square  feet  of  glass  surface 
and  320  square  feet  of  exposed  wall  surface,  and  from  which 
the  heat  loss  per  degree  difference  of  temperature  is  128. 
Supposing  air  in  room  to  be  70°  F.  and  that  supplied  by  flue  to 
be  100°  F.,  we  see  by  table  page  265  that  for  every  heat-unit 
as  above  there  will  be  required  135  cubic  feet  of  air  per  hour, 
and  for  this  case  we  will  require  135  X  128  =  17,280 cubic  feet 
per  hour.  If  excess  of  temperature  of  air  in  flue  over  that  out- 
side be  considered  as  50°,  and  height  of  flue  as  10  feet,  the  dis- 
charge per  square  foot  of  flue  (see  table  in  Appendix)  will  be  242 
feet  per  minute  or  14,520  per  hour.  Hence  the  required  area 
of  the  flue  will  be  17,280  divided  by  14,520  =1.19  square  feet 
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171   square  inches.     Areas  o(   flues  may  be  computed  by 
:  following  table,  making  suitable  allowance  for  friction. 
As  the  velocity  of  flow  increases  with  difference  of  tem- 
perature   between   outside   air  and   that    in   the  flue,  and   is 
lessened  when  this  difference  is  small,  it  is  better  to  assume 
a  mean  difference  of  temperature  so  low  that  the  computation 
Lwill  certainly  afford  plenty  of  air  for  ventilation. 
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The  preceding  table  is  computed  by  the  method  explained 
for  different  heights  of  flue  and  for  a  difference  of  temperature 
of  the  air  in  the  flue  over  that  in  the  space  into  which  it 
discharges  of  30**  F. 

For  difference  of  temperature  other  than  30°  multiply 
results  in  the  table  by  the  following  factors  to  obtain  the  area 
of  the  flue : 


Difference 

Temperature, 

Degrees. 

Factor. 

Difference 

Temperature, 

Degrees. 

Factor. 

10 
20 
40 

1-74 
1.22 

0.87 

50 
60 
70 

0.775 
0.71 

0.655 

For  usual  conditions  of  residence  heating  in  which  the  air 
in  the  supply-flue  is  30**  above  the  temperature  of  the  air  in 
the  room,  and  that  in  the  ventilating-flue  20°,  we  may  compute 
the  approximate  area  in  square  inches  of  the  supply- and  venti- 
lating-duct,  by  multiplying  each  heat-unit  per  degree  difference 
of  temperature  lost  from  the  walls  by  a  series  of  simple' factors 
which  are  easily  memorized. 

TABLE  OF  FACTORS  FOR  AREA  OF  AIR-FLUES. 


Supply-duct. 

Ventilating-duct. 

Story  of  Building. 

Approxi- 
mate 

He<id  in 
feet. 

Velocity 

in  feet 

per  sec. 

Factor  for 

Area, 

sq.  in. 

Approxi- 
mate 
Distance 
to  Roof. 

Velocity 
in  feet 
per  sec. 

Factor  for 
Area, 
sq.  in. 

First  Floor 

Second   "    

Third     "    

Fourth    "    

(1) 

5 
28 

40 

50 

(2) 
2.8 

6.8 
8.1 

9. 

(3) 
2.40 

0.95 

0.82 

0.71 

(4) 

47 
32 
20 
10 

(5) 

5.5 
4.2 

3.6 
2.6 

(6> 

0.93 
1.27 

1.33 
2.17 

As  an  example,  find  the  required  area  of  heat-  and  venti- 
lating-ducts  for  a  room  with  200  square  feet  of  exposed  wall- 
surface  and  30  square  feet  of  glass :  30  plus  one  fourth  of  200 
is  80,  the  approximate  building  loss  per  degree.  This  quantity 
multiplied  by  factors  in  columns  (3)  and  (5)  gives  respective 
areas  of  flues  in  square  inches  with  sufficient  exactness  for 
ordinary  requirements.  The  factors  afford  a  ready  means  of 
computation  in  the  absence  of  an  extended  table,  similar  to 
that  on  page  233. 


I 

I 
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111  some  instancis  tbe  amount  of  air  can  be  computed  as 
B  function  of  the  cubic  contents  of  the  room,  especially  when 
required  for  ventilation  alone.  For  ventilation  purposes  the 
problem  j*  proportioning  the  air-passages  is  solved  simply  by 
compu'.ing,  first,  the  air  required,  on  the  basis  of  iSoo  cubic  feet 
per  hour  for  each  person  who  will  occupy  the  room  ;  second, 
the  number  of  times  the  air  will  be  changed  per  hour,  by 
dividing  this  result  by  tbe  volume  of  the  room.  This  method 
is  considered  fully  in  Article  38,  page  62,  and  a  table  is  given 
for  computing  the  area  of  the  flue  in  square  inches  for  different 
velocities  of  the  moving  air. 

In  applying  'his  method  to  practical  problems,  it  is  best  to 
proportion  the  ducts  so  that  in  no  case  will  the  required 
velocity  of  the  nir  in  the  flue  exceed  13  feet  per  second  or 
43,200  feet  per  hour,  an  amount  not  likely  to  be  reached 
without  a  fan  or  blower,  and  one  which  corresponds  to  a 
^jressure  of  nearly  o,i  inch  of  water. 

126,  Dimensions  of  Registers.— The  registers  should  be 
(o  proportioned  that  the  velocity  of  the  entering  air  will  not 
be  sufficient  to  produce  a  sensible  draft  ;  that  is,  the  area  must 
be  such  that  the  velocity  shall  not  exceed  3  to  5  feel  per 
second  or  lo.Soo  to  18,000  lineal  feet  per  hour.  The  writer 
thinks  that  very  excellent  results  are  obtained  by  proportion- 
ing the  registers  for  first  floor  so  as  to  give  velocity  of  z\ 
feet  per  second,  and  those  of  higher  floors  and  at  entrance  to 
ventilating-shafts  3  feet  per  second.*  The  results  above,  ex- 
cept for  entrances  to  ventilating-shafts  on  the  top  floor,  are 
less  than  is  usually  produced  by  natural  draft,  so  that  the  area 
computed  by  dividing  the  total  amount  of  air  required  by  the 
number  which  expresses  the  velocity  gives  satisfactory  results. 

The  above  rules  are  for  effective  or  clear  opening,  and  this 
will  be  found  in  each  case  to  be  about  two  thirds  of  the  nomi- 
nal or  rated  size  of  the  register  as  shown  in  the  table  given  in 
Article  144.  ' 

By  computing,  from  the  data  given,  the  number  of  changes 
of  air  per  hour  in  room,  the  table  page  63  can  be  used  as 
explained  to  determine  the  effective  area  in  square  inches 
required  for  each  1000  cubic  feet  of  space. 
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As  an  example  illustrating  use  of  this  table,  suppose,  in  a 
room  containing  2500  cubic  feet,  air  to  be  changed  four  times 
per  hour,  and  that  velocity  in  air-flue  be  6  feet  per  second,  in 
ventilating-shaft  4  feet,  through  fresh-air  register  2.5  feet, 
through  ventilating-register  3  feet. 

The  table  on  page  53  gives  the  net  area  for  each  1000 
cubic  feet  of  space,  so  that  for  abope  conditions  the  results  as 
found  in  the  table  must  be  multipliM  by  2.5.  We  should  have, 
taking  2.5  times  the  tabulated  values,  the  following  results : 

Net  area  supply-flue  67.5  sq.  in.;  ventilating-shaft  100  sq.  in.; 
fresh-air  register  166  sq.  in.;  ventilating-register  136.5  sq.  in. 

The  nominal  area  of  the  register  to  be  used  should  be  about 
50  per  cent  greater  than  the  net  area;  it  may  be  taken 
from  the  table  given  in  Article  144,  The  velocity  correspond- 
ing to  2.5  feet  per  second  is  taken  as  the  mean  of  that  given 
in  the  table  for  2  and  3. 

It  is  best  to  make  flue  dimensions  about  one  inch  greater 
than  obtained  by  calculation,  to  allow  for  surface  friction. 

127.  Summary  of  Various  Methods  of  Computins:  Quan- 
tities Required  for  Heating. — The  following  table  gives 
the  required  size  of  steam-pipes  and  of  steam-boiler  or  hot-water 
heater,  for  various  amounts  of  radiating  surface.  The  propor- 
tions given  will  apply  to  residence  heating  or  where  the  length 
of  main  pipe  is  not  over  200  feet.  The  value  given  for  the 
steam-main  is  that  for  the  single-pipe  system  when  no  return 
is  needed.  For  the  system  of  separate  steam-  and  return-pipes 
the  diameter  of  the  steam-main  should  be  taken  f  of  that  given, 
that  of  the  return  as  in  table  page  259.  The  cubic  space 
heated  is  given  if  the  ratio  to  radiating  surface  be  known  ;  this 
is  an  approximation  only,  although  it  may  often  serve  a  use- 
ful purpose  when  experience  has  been  gained  of  heat  required 
in  constructions  of  similar  nature  in  the  same  locality. 

About  two  thirds  as  much  air  is  warmed  by  hot-water  as 
by  steam  radiators,  and  flues  should  be  about  two  thirds  as  large 
as  given  in  the  table  on  page  270. 

128.  Heating  ol  Greenhouses.— Greenhouses  and  con- 
servatories are  heated  in  some  cases  by  steam  and  in  other 
cases  by  hot  water,  and  there  is  quite  a  difference  of  opinion 
held   by  florists  respecting  the  relative   merits  of  these  two 
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HOT-AIR   AND  VENTILATING    FLUES. 
Indirect  Radiation  Steam  Circulation. 


3d  alory 

3d  atory. . . . 
Area  ventilating  tli 

3d  story 

3d  slory 


:,  square  feet 


Blury. . 
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methods  of  heating.  The  fact,  however,  that  either  system 
when  properly  proportioned  and  well  constructed  gives  satisfac- 
tory results  indicates  that  the  difference  is  not  great,  and  that 
the  relative  value  may  depend  entirely  on  local  conditions. 

The  methods  of  piping  employed  may  in  a  general  way  be 
like  those  described,  and  the  pipes  may  be  located  so  as  to  run 
underneath  the  beds  of  growing  plants,  or  in  the  air  above,  as 
bottom  or  top  heat  is  preferred.  In  many  cases  large  cast-iron 
pipes,  the  method  of  erection  of  which  is  described  in  Article  57, 
page  1 1 7,  are  used  in  hot-water  heating  of  greenhouses.  These 
are  generally  located  beneath  the  beds  of  growing  plants  ;  the 
main  flow-  and  return-pipes  are  laid  in  parallel  lines,  with  an  up- 
ward pitch  from  the  boiler  to  the  farthest  extremity  of  the 
house.  Recently  small  wrought-iron  pipes,  Article  59,  page 
118,  have  been  used  extensively  for  greenhouse  heating.  In 
this  case  the  main  pipe  has  generally  been  run  near  the  upper 
part  of  the  greenhouse  and  to  the  farthest  extremity  in  one  or 
more  branches,  with  a  pitch  upward  from  the  heater  for  hot- 
water  heating  and  witli  a  pitch  downward  for  steam-heating. 
Tlie  principal  radiating  surface  is  made  of  parallel  lines  of 
i^-inch,  or  larger,  pipe,  placed  under  the  benches  and  sup- 
plied by  the  return  current ;  this  has  in  all  cases  a  pitch  toward 
the  heater.  An  illustration  of  the  method  of  piping  as  de- 
signed by  A.  H.  Dudley  of  the  Herendeen  Mfg.  Co,  is  shown 
in  Figs.  193,  194,  and  195  so  clearly  as  to  require  no  special 
explanation. 
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Any  system  of  piping  which  gives  free  circulation  and 
hrhicli  is  adapted  to  the  local  conditions  will  give  satisfactory 
results.  Tiie  directions  for  erecting  and  taking  off  branches  are 
the  same  as  in  residence  heating  (sec  pac;e  191). 

Proportioning  Radiating  Surface. — The  loss  of  heat  from  a 
ffreenhouse  or  conservatory  is  due  principally  to  the  extent  of 
blass  surface ;  hence  the  amount  of  radiating  surface  is  to  be 
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Fig.  193.— Plan  ano  Elki/ation  op  Piping. 

0  proportional  to  the  equivalent  glass  surface,  which  in  every 
e  Is  to  be  considered  as  the  actual  glass  surface  plus  J  the 
exposed  wall  surface.  From  this  surface  about  i  heat-unit  will  be 
transmitted  from  each  square  fool  (or  each  degree  difference 

reratnre  between  that  inside  and  outside  per  hour;  that 
e  difference  of  temperature  is  70  degrees,  each  square 
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foot  of  glass  surface  would  transmit  70  heat-units  per  hour. 
The  radiating  surface  usually  employed  for  this  purpose  is 
horizontal  pipe,  and  hence  is  of  the  most  efficient  kind.  From 
a  surface  of  this  nature  we  can  consider  without  sensible  error 
that  2.2  heat-units  are  given  off  from  each  square  foot  for  each 

A 


Fig.  194.— Piping  for  Outside  Bench. 


Fig.  195.— Piping  for  Inside  Bench. 

degree  difference  of  temperature  between  the  radiator  and  the 
air  of  the  room  per  hour.  From  this  data  a  table  can  be 
computed  which  gives  the  ratio  of  equivalent  glass  surface 
to  radiating  surface,  in  which  the  results  will  be  found  to 
agree  well  with  average  practice;  the  results  are  to  be  in- 
creased or  diminished  10  to  20  per  cent,  according  as  the  cir- 
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cumstanccs  of  exposure  or   the    quality  of  the  building  vary 
more  or  less  from  the  average  condition. 

TABLE  SHOWING  AMOUNT  OF  GLASS  SURFACE  OR  ITS  EQUIVA- 
LENT WHICH  MAY  BE  HEATED  BY  i  SQUARE  FOOT  OF 
RADIATING  SURFACE  IN  GOOD   BUILDINGS. 


Hot  Wiltr, 

Slum. 

renp.  of  RadiaUng  Surface.  Deg.  F. 

i6o-    iBo"    aoo^ 

5  lbs.  ai7°  'olb».  240' 

Square  Keet  of  Glau  (or  1  Squkie  Pool  ol 
R«)U.i[ngSurraa. 

Temp-  of  larrounding  air,  90*  F... 

" 7o-f:!: 

bo-F... 

50'  F... 

40"  F... 

1.3 

3,0 

»-3 
a. 9 
3.6 
4-6 

6.0 
E-o 

a. 8 

3.3 
4.0 
5-0 
6.0 
8.0 

3-8 
4.6 

5-7 

ii-S 

i 


From  the  data  above  the  following  table  is  computed, 
which  gives  the  radiation  in  square  feet  required  for  green- 
houses or  conservatories  with  difTerent  amounts  of  glass  sur- 
iaces.  !t  also  gives  divisors  from  which  the  heating-surfaces 
[■©r  grate-surfaces  in  the  boilers  may  be  computed  by  dividing 
the  given  amount  of  radiation.  Thus  for  a  greenhouse  with 
1000  feet  of  glass  surface,  which  is  to  be  kept  at  70  degrees  in 
the  coldest  weather,  we  note  in  the  table  that  200  square  feet 
of  radiation  will  be  required;  the  heating-surface  in  the  boiler 
[will  be  200  divided  by  5.6  {=  36)  square  feet,  and  the  area  of 
Igrate  will  be  (200  divided  by  1 56  =)  1.28  square  feet. 
GREENHOUSE  HEATING  WITH  STEAM. 
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GREENHOUSE  HEATING  WITH  HOT  WATER. 
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The  sizes  of  main  pipes  should  be  the  same  as  those  which 
are  used  for  direct  heating,  page  237. 

Relative  Tests  of  Hot-ivater  and  Steam  Heating  Plants, — 
Several  tests  have  been  made  to  determine  the  relative 
efficiency  and  economy  of  steam  and  hot-water  heating  plants. 
The  first  test  so  recorded  was  made  at  the  Massachusetts 
Agricultural  College  by  Professor  S.  T.  Maynard,  the  results 
of  which  are  given  in  Bulletins  4,  6,  and  8,  issued  by  the  Mass. 
Exp.  Station,  1889  and  rSQO.  In  this  test  two  houses  were  used 
which  were  located  as  nearly  as  possible  with  equal  exposure, 
and  the  tests  were  made  with  great  care  and  by  entirely  disin- 
terested  observers.  The  following  is  a  summary  of  the  results 
and  conclusions  as  taken  from  the  bulletins : 

STEAM-HEAT    VERSUS   HOT   WATER. 
\From  Bulletin  No.  4.] 

In  order  to  get  at  some  facts  in  regard  to  this  subject,  so  important  to 
the  grower  of  plants  under  glass,  and  gain  some  positive  knowledge  as 
to  the  relative  value  of  the  two  systems,  two  houses  were  constructed 
during  the  summer  of  1888,  75  X  18  feet,  as  nearly  alike  as  possible  in  every 
particular.  Two  boilers  of  the  same  pattern  and  make  were  put  in,  one 
fitted  for  steam  and  one  for  hot  water;  the  steam  for  heating  the  east 
house,  and  the  hot  water  for  the  west  and  most  exposed  one.  The  boilers 
were  completed  and  ready  for  work  in  November  and  were  used  until 
January  9,  1889,  when  these  experiments  began. 

Records  of  temperature  of  each  house  were  made  at  7.30  and  9  a.m., 
and  3,  6,  and  9  p.m.  Sufficient  coal  was  weighed  out  each  morning  for  the 
day's  consumption  arid  the  balance  not  consumed  deducted  the  next  morn- 
ing. "  The  two  boilers  and  fittings  were  put  in  so  as  to  cost  the  same 
sum  and  were  warranted  to  heat  the  rooms  satisfactorily  in  the  coldest 
weather." 

These  experiments  were  repeated  during  the  months  of  January  and 
February,  1889,  and  in  summarizing  the  results  it  was  found  that  the  steam- 
boiler  consumed  during  the  two  months  referred  to  6582  lbs.  of  coal, 
while  the  hot-water  boiler  consumed  in  the  same  time  only  5174  lbs.,  a 
saving  in  favor  of  the  latter  of  nearly  20  per  cent.  At  the  same  time  the 
temperature  of  the  room  heated  by  hot  water  averaged  1.7*  higher  than 
that  heated  by  steam. 

The  temperature  was  more  even  where  heated  by  hot  water,  and  con- 
sequently there  was  less  danger  from  sudden  cold  weather.  This  w^as 
strikingly  shown  on  the  night  of  February  22. 

The  average  outside  temperature  for  the  day  was  34°, 

At  9  P.M.  it  was  above  32'',  and  proper  precautions  not  having  been  taken 
for  so  sudden  a  change  as  followed  (the  average  temperature  during  the 
23d  of  February  was  2"*),  at  6  o'clock   on   the  morning  of  the  23d  the  tem- 
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itiirc  of  the  room  healed  by  steam  was  ag*,  while  in  ihai  healed  by  hot 
6.] 


IFrom  Bull, 

The  boilers  used  were  buill  of  c 
boiler  tive  sections  arc  used,  ihe  are 
fire  being  74.5  feel. 

The  sieam-boiler  consists  of  eight 
which  is  85.13  feet. 

The  experiments  reported  in  the  April  Bulletin  were  continued  durii 
ihe  two  following  months  of  March  and  April,  and  from  the  tables  sho' 
ing  the  comparative  results  the  following  summary  is  appended: 


healing  surface  exposed  tc 


il  heating  surface  of 


R  Ho- 


i  B01LI 


Total  coal  consumed  by  hot-watcr  boiler  from  December  13,  1888,  to 
tpril  34.  i8Bg,  4  tons  1155  lbs.  Average  daily  temperature  for  the  four 
M>ibs.  S3.S'- 

SrMMAItV  POK  STCAM'HOrLEN. 

I  Total  coal  consumed  by  sleam-boiler  from  December  23.  188B.  lo  April 
I  18S9,  5  Ions  ia6i  lbs.  Average  daily  temperature  for  the  four  months, 
.3*. 

It  wilt  be  seen  by  the  above  that  Ihe  average  temperature  of  the  house 
Micd  by  hot  water  was  2.3'  higher  than  that  heated  by  steam,  and  that 
int  of  coal  consumed  was  3to6  lbs.  less  in  the  former  than  in  the 

\FTQm  BuIUHh  No.  8.  April,  1890.] 
discussion  having  been  provoked  relative  to  the  accuracy  of  the 
results  of  experiments  with  steam  and  hot  water  for  heating  greenhouses, 
reported  in  Bulletins  No.  4  and  6.  we  have  the  past  winter  made  a  care- 
ful repetition  of  the  experiments  to  correct  any  errors  that  might  be  found 
and  to  verify  previous  results. 

The  boilers  having  been   run   with     the  greatest    care   possible   from 
December  i,  1889.  to  the  present  date.  March  iB,  1890,  and  every  precaution 
having  been  taken  that   no  error  should  occur,   we  give  the   results  In 
■tte  [olio wing  table: 


1 

Hot  WAT.., 

St««. 

1 

Leiiuce  and  (lanuiiDn  Ream. 

Lettuce  ind  Carnallen  Room. 

I" 
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III 

lit 

\ 

1 

Hi 

1^1 
III 

December  . . 
J      17  days 

34-99' 
33.27 
3!'.'« 

39-75 

4' -5** 
*4-35 

43-67 

39-94 

57' 

61.48 

65.96 

58.33 

47-59' 
51-41 
52- S4 

47-44 

1505 

3304 
1704 

1085 

40.51° 

42-7* 
4a -42 

39-16 

51.69° 
01 

66- 3» 
58.. I 

46-39* 
49-45 
;i.oi 

46.73 

3350 

3SOI 

aS40 
1697 

|»««... 

3»-5'° 

"■"■ 

6t.o6' 

49-74' 

Total 
659S 

4i-ia's9.38"4S.39' 

Total 
9784 
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SUUMARV  fOR  HOT-WATBR  BOILBK. 

Total  coal  consumed  from  December  I,  1889,  to  March  i3,  1S90,  6596 
lbs.     Average  daily  temperature  for  the  time,  49.74°. 

SUMMARV  FOR  St  RAM -BOILER. 
Total  coal  consumed  from  December  i,  i8Sg,  to  March   iS,  tSgo,  9784 
lbs.     Average  daily  temperature  for  the  lime,  48.39°. 

A  saving  of  ftitl  in  /aver  of  ket  water  0/  abeut  33  pir  cent. 

Similar  tests  were  made  under  the  penTal  direction  of  the 
author  for  the  Michigan  Experiment  Station  and  are  to  be 
found  reported  in  full  in  a  paper  by  the  writer,  read  before  the 
American  Society  of  Mechanical  Engineers,  Volume  XI.  For 
this  test  two  houses  were  used,  each  of  the  same  size  and  of  the 
same  grade  of  construction.  The  houses  were  equally  exposed 
to  the  heat  of  the  sun,  but  the  hot-water  house  was  rather  more 
exposed  to  the  wind.  The  general  method  of  testing  was 
essentially  the  same  as  that  described,  and  the  results  show 
substantially  the  same  difference.  The  heaters  used  were  cast- 
iron  of  the  drop-tube  form,  quite  different  from  those  used  in 
Massachusetts,  but  well  adapted  for  the  work. 

The  following  table  gives  a  summary  of  the  results : 

SUMMARY  OF  RESULTS  OF  TEST  OF  HOT  WATER  AND  STEAM. 


Year. 

,S»i 

<&|0 

Monlhi. 

!»«■». 

JaouMy. 

February. 

March. 

April. 

„ 

3- 

•8 

„ 

3" 

1 

1 

» 

1 

X 

3775 
99, t 

33-8 

»7 

54-4 

5G 
4-a 

1 

3714 
114.4 

19.3 

39.1 

53-3 

5S-7 

X 
3383 

135.7 
19.3 
39.8 

M.o 

51-3 
57 

1 

iSoo 
60 

36.3 

43 

38 
51.8 

54.9 
5.9 

si 

Total  coal 

1025 

ij3.) 
31.6 
38.5 
3S.1 
53.9 
54-9 

Sas 
75 

31.3 

38.5 

35-1 

54.9 

50.3 
13 

3475 

»7.7 

38 

ay. 3 

sa-5 

53.8 
4.4 

"799 
90- 3 

S7-7 

38 

27.1 

54.1 

54.8 

34  CO 

33-8 

a? 

54-' 

53.5 
4.3 

Average  coal  per  day.. 
Average  omside  temper- 
Average  outside  temper- 
Average  outside  temper- 
Average    inside    lemper- 
Av«^;   insrdVteiii'pVr' 

60 

36.3 

43 

38 

58.4 

60.3 
4-3 
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During  the  month  of  April.  1890,  the  same  amount  of  coali 
was  burned  in  both  heaters  in  order  to  see  what  the  effect 
would  be  on  the  resulting  temperature  of  the  two  houses.  The  , 
results  gave  a  temperature  which  averaged  8.5  degrees  higher 
in  the  hot-water  house  than  in  the  steam-heated  house. 

Experiments  were  made  by  Prof.  L,  H.  Bailey,  of  Cornell 
University,  in  1891  with  houses  which  were  not  similar  either 
as  to  exposure  or  methods  of  piping,  the  results  of  which  were 
in  general  somewhat  more  favorable  to  steam  than  to  hot 
water.  In  1892  Prof.  Bailey  arranged  the  same  room  so  that  it 
could  be  alternately  heated  with  steam  and  hot  water.  The 
results  of  this  last  test  so  far  as  economy  is  concerned  were  also 
somewhat  in  favor  oF  the  steam-heat.  The  general  conclusions 
which  Prof.  Bailey  drew  from  this  test  were  as  follows : 
Conclusions. 


:  following  results  can  be  deduced. 
n  several  of  the  conclusions  of  last 


Under  the  present  conditions  tl 
It  will  be  observed  that  they  conlir 
year. 

1.  Hot  water  maintained  a  slightly  greater  average  difference  t>etween 
the  minimum  inside  and  outside  n  ight  lemperatute  than  steam. 

I.  Tlicre  was  practically  no  difference  in  the  coa! consumption  under 
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i  the  fluctuations  under  both  sysier 
ones,  and  neither  proved  very  sati 


3.  With  a  small  plan 
are  much  greater  than 
(aciory. 

4.  The  utility  of  slight  pressure  in  enabling  : 
favorable  condiliona  is  fully  demonstrated. 

;,  The  addition  of  crooks  and  angles  is  decidedly  disadvantageous  to 
■he  circulation  of  hot  water  and  of  steam  without  pressure,  but  the  eScct 
is  scarcely  perceptible  with  steam  under  low  pressure. 

6,  In  starting  a  new  fire  with  cold  water,  circula 
hot  water  sooner  than  with  sienm.  but  it  requires  a  much  longer  time 
(or  the  water  to  reach  a  point  where  the  temperature  of  the  bouse  1 
be  materially  atlected. 

7.  The  length  of  pipe  to  be  traversed  is  a  much  more  important  con- 
sideration with  water  than  with  steam. 

5.  A  satisfactory  fall  towards  the  boiler  is  of  much  greater  importance 
with  steam  than  the  manner  of  placing  the  pipes. 

129.  Heating  of  Workshops  and  Factories. — Work-  j 
shops  or  factories  where  counter-shafts  and  belting  are  running  [ 
which  keeps  the  air  in  agitation  can  be  heated  satisfactorily  hyU 
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erecting  coils  of  pipe  for  radiating  surface  near  the  ceiling  of 
the  room.  Coils  made  with  branch-tees,  as  described  in  Article 
64,  page  137,  may  be  used,  with  the  pipes  placed  in  a  hori- 
zontal  plane  and  parallel  to  each  other.  In  such  a  position  the 
radiating  surface  is  very  efficient,  and  the  heat  given  off  as  shown 
by  experiment  is  a  maximum.  In  a  coil  located  near  the  ceil- 
ing the  temperature  of  the  room  in  the  upper  portion  will  be 
come  very  high  and  will  not  be  evenly  distributed  unless  the 
air  is  mechanically  agitated,  so  that  the  overhead  system  of 
piping  is  only  satisfactory  in  shops  and  places  where  there  are 
moving  belts  or  other  mearts  for  agitating  the  air.  The  method 
of  proportioning  supply-pipes  and  radiating  surface  for  this 
case  has  already  been  considered.  Mr.  C.  J.  H.  Woodbury 
gives,  in  Vol.  VI,  page  861,  "  Transactions  of  American  Society 
Mechanical  Engineers,"  considerable  useful  data  relating  to 
this  method  of  heating.  It  is  the  favorite  method  for  heating 
cotton-mills,  about  one  foo^  in  length  of  ij-inch  pipe  being 
used  for  90  cubic  feet  of  space. 

Summary  of  Approved  Methods  for  Design  of  Steam  and 
Hot-water  Systems  of  Heating, — For  convenience  of  applica- 
tion the  following  concise  summary  of  approved  methods  of 
computation  for  radiating  surface  dimensions  of  pipes  and 
grate  surface  are  here  given : 

A.  Compute  area  of  windows  and  outside  doors,  G,  and 
one-fourth  the  exposed  wall  surface,  \W^  for  each  room.  In 
computing  exposed  surface  estimate  ceilings  arid  partitions 
adjacent  to  unheated  rooms  as  30  to  50  per  cent  exposed. 
Denote  this  result  by  A, 

B.  For  direct  radiation.  Compute  2  per  cent  of  the  cubic 
contents  of  each  room.  For  residence  heating  take  once 
this  quantity  for  second-  and  third-floor  rooms,  twice  this 
quantity  for  first-floor  rooms,  three  times  this  quantity  for 
halls;  for  office,  store,  or  bank  rooms,  twice  this  quantity; 
for  large  assembly-rooms,  lecture-halls,  churches,  etc.,  one 
half  this  quantity  under  usual  conditions.  Denote  this  result 
by  B.  ..     .. ,,. 
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^^  C.  For  radiating  surface,  direct  heating,  multiply  the 
^km  of  the  results  A  and  B  by  one  fourth  for  steam-heating; 
^Lultiply  this  last  quantity  by  five  thirds  for  direct  hot-water 
^Keating. 

^P  D.  For  dimensions  of  piping,  direct  heating,  use  Ihc  tnbles 
^^ven.  The  table  computed  for  one-pipe  systems  of  steam- 
heating,  commercial  sizes  of  pipes,  will  apply  with  accuracy 
for  dimensions  of  pipes  for  hot-water  heating,  both  return-  and 
flow-pipe  being  of  dimensions  shown  in  the  table.  For  two- 
pipe  systems  of  steam-heating  use  the  special  table  for  steam- 
and  return-pipes,  or  use  the  table  referred  to  above  for  steam- 
pipes  less  than  3  inches,  taking  the  main  one  pipe-size  smaller 
than  tabulated  when  above  3  inches  in  diameter.  Take  in  all 
cases  the  diameter  of  return  from  the  special  table. 

In  applying  tables,  in  all  cases,  find  first  the  diameter  of 
branches  to  each  radiator;  second,  the  diameter  of  sub-main; 
and  third,  the  diameter  of  main  and  return,  corresponding 
in  each  case  to  total  area  of  radiator  and  the  equivalent 
length  of  pipe.  The  equivalent  length  of  pipe  is  the  actual 
length  increased  by  allowance  for  elbows  and  bends  as 
explained. 

E.  For  radiating  surface,  indirect  heating,  multiply  the 

(esult  A=:G-\-\W  by  the  following  factors  for  steam- 
feating:  for  the  first  floor,  by  0.7;  for  the  second  floor,  by 
EC;  for  the  third  floor,  by  0.5.  For  hot-water  heating 
liuttiply  each  result  as  above  by  five  thirds. 

F.  For  dimensions  of  piping,  indirect  heating,  use  the  table 
given  for  one-pipe  system  of  steam-heating,  for  finding  the 
diameter  of  the  steam-pipe  in  steam-heating  and  for  the  diame- 
ter of  flow-  and  return-pipes  in  hot-water  heating.  Take  the 
diameter  of  return-pipe  for  steam-heating  from  special  table. 
Fables  to  be  used  as  explained. 

G.  Size  of  air-flues,  indirect  heating,  should  be  computed 
i  the  basis  of  a  cross-sectional  area  for  each  square  foot  of 

surface  in  the  radiator  as  follows,  steam-healing:  i.5to3.o 
squareinchesforthc  first  floor,  i.oto  1. 25  square  inches  for  the 
second  floor,    and  0.9  to    1.0  square  inch   for  the  third   and 
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have  0.8  the  area  of  cross-section  of  that  of  the  hot-air 
flues.  The  vent-flues  from  the  room  should  have  an  area 
equal  to  that  of  the  hot-air  flues  on  the  first  floor,  and  lo 
to  20  per  cent  greater  for  the  higher  floors.  For  hot-water 
indirect  heating  area  of  flue  may  be  two  thirds  as  great,  reck- 
oned from  area  of  radiating  surface. 

H.  Dimensions  of  register  for  supplying  air  should  be 
such  as  to  give  a  net  area  not  less  than  one  and  two-thirds  to 
twice  that  of  the  section  of  the  hot-air  flue ;  for  ventilation 
purposes  the  net  area  should  be  50  per  cent  greater  than 
cross- sectional  area  of  hot-air  flue. 

I.  To  compute  heating  surf  ace  in  boiler  or  heater,  divide 
total  radiating  surface,  in  which  is  included  the  surface  of  all 
uncovered  pipe,  by  6  to  8  for  the  area  of  heating  surface  in  a 
steam-heater,  and  by  10  to  12  for  area  of  heating  surface  in  a 
hot-water  heater. 

To  compute  area  of  grate  divide  total  radiating  surface 
obtained  as  before  by  120  to  200  for  steam-heating,  and  by 
200  to  300  for  hot-water  heating. 

J.  To  compute  area  of  smoke-flue  first  find  total  radiating 
surface  as  explained;  if  for  steam,  obtain  diameter  of  flue  as 
explained  in  Article  95 ;  if  for  a  hot-water  heating  system, 
multiply  by  0.6  to  reduce  to  equivalent  steam-radiation*, 
then  proceed  as  before. 
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130.  General  Remarks.— Steam  after  being  employed  in 
an  engine  contains  the  greater  portion  of  its  heat,  and  if  not 
condensed  or  utilized  for  other  purposes  it  can  usually  be  em- 
ployed for  heating  without  materially  affecting  the  power 
■of  the  engine.  The  systems  of  steam-heating  which  have  been 
described  are  those  in  which  the  water  of  condensation  flows 
directly  into  the  boiler  by  gravity.  In  other  systems  in  use 
high-pressure  steam  is  carried  in  the  boilers,  high-  or  low- 
pressure  steam  in  the  heating-mains  and  radiators,  and  the 
return-water  of  condensation  is  received  by  a  trap  and  de- 
livered either  into  a  tank  from  which  it  is  pumped  into  the 
the  boiler  or  in  some  instances  wasted.  The  exhaust  steam 
may  need  to  be  supplemented  by  live  steam  taken  directly 
from  the  boiler,  which  may  be  reduced  in  pressure  either  by 
passing,  through  a  valve  partly  open,  or  a  reducing-valve,  as 
described  in  Article  137. 

It  will  often  be  found  that  little  attempt  is  made  to  utilize 
the  heat  escaping  in  the  exhaust  steam  from  non-condensing 
engines,  and  consequently  a  good  opportunity  exists  for  con- 
struction of  systems  which  will  save  annually  many  times 
their  first  cost. 

131.  Systems  of  Exhaust  Heating.— The  exhaust  steam 
discharged  from  non-condensing  engines  contains  from  20  to 
30  per  cent  of  water,  and  considerable  oil  or  greasy  matter 
which  has  been  employed  in  lubricating.  When  the  engine  is 
freely  exhausting  into  the  air,  the  pressure  in  the  exhaust-pipe 
is,  or  should  be.  but  slightly  in  excess  of  that  due  to  the  atmos. 
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phere.  The  effect  of  passing  exhaust  steam  through  heating- 
pipes  is  likely  to  increase  the  resistance  and  cause  back  press- 
ure which  will  reduce  the  effective  work  of  the  engine.  The 
engine  delivers  steam  discontinuously,  but  at  regular  intervals 
at  the  end  of  each  stroke.  The  amount  is  likely  to  vary  with 
the  work  done  by  the  engine,  since  the  engine-governor  is 
always  adjusted  to  admit  steam  in  such  amount  as  is  required 
to  preserve  uniform  speed;  if  the  work  is  light  very  little  steam 
will  be  admitted  to  the  engine.  For  this  reason  the  supply 
available  for  heating  varies  within  wide  limits. 

The  general  requirements  for  a  successful  system  of  exhaust- 
steam  heating  must  be,  first,  the  arrangement  of  a  system  of 
piping  having  such  proportions  as  will  make  little  or  no 
increase  in  back  pressure  on  the  engine  and  will  provide  for 
using  an  intermittent  supply  of  steam  ;  second,  provision  for 
removing  the  oil  from  the  exhaust,  since  this  will  interfere 
materially  with  the  heating  capacity  of  the  radiating  surfaces ; 
third,  provision  against  accidents  by  use  of  a  safety  or  back- 
pressure valve  so  arranged  as  to  prevent  damage  to  the  engine 
by  sudden  increase  in  back  pressure. 

These  requirements  can  be  met  in  various  ways.  To  pre- 
vent  sudden  change  in  back  pressure  due  to  irregular  supply  of 
steam  the  exhaust-pipe  from  the  engine  should  be  carried 
directly  to  a  closed  tank  whose  cubic  contents  should  be  at 
least  30  times  that  of  the  engine  and  as  much  larger  as  practi- 
cable. This  tank  can  be  provided  with  diaphragms  or  baffle- 
plates  arranged  so  as  to  throw  all  or  nearly  all  the  grease  and 
oil  in  the  steam  into  a  drip-pipe,  from  which  it  is  removed  by 
means  of  a  steam-trap,  as  described  in  Article  98,  page  194. 
To  this  tank  may  be  connected  a  relief-pipe  leading  to  the  back- 
pressure valve,  and  also  a  supplementary  pipe  for  supplying 
live  steam.  The  supply  of  steam  for  heating  should  be  drawn 
from  the  top  of  the  tank. 

Any  system  of  piping  may  be  adopted,  but  extreme  care 
should  be  taken  that  as  little  resistance  as  possible  is  introduced 
at  bends  or  fittings.  The  radiating  surface  employed  should 
be  such  as  will  give  the  freest  possible  circulation.  In  general, 
that  system  will  be  preferable  in  which  the  main  steam-pipe  is 
carried  directly  to  the  top  of  the  building,  the  distributing- 
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pipes  run  from  that  point,  and  the  radiating  surface  is  supplied 
by  ihe  down-flowing  current  of  steam  (Fig.  173)-  It  is  desir- 
able to  have  a  closed  tank  at  the  highest  point  of  the  system. 
from  which  the  distributing-pipes  are  taken,  and  provided  with 
drips  leading  lo  a  trap  so  as  to  remove,  before  it  can  reacli 
the  radiating  surface,  any  water  of  condensation  or  oil  which 
has  been  carried  to  the  top  of  the  bitilriing, 

132.  Proportions  of  Radiating  Surface  and  Main  Pipes 
Required  in  Exhaust  Heating. — The  size  of  exhaust  pipe 
required  for  an  engine  of  given  power,  in  order  that  the  back 
pressure  shall  not  exceed  a  certain  amount,  may  be  computed, 
ilie  only  data  required  in  addition  to  that  already  given  for 
beating  with  live  steam,  being  that  relating  to  the  .steam  re- 
quired by  engines.  The  amount  of  steam  used  by  engines 
will  depend  upon  the  workmanship  and  class  to  which  they 
belong,  but  we  can  assume  with  little  error  that  non-con- 
densing engines  will  require  the  following  weiglits  of  steam  per 
horse-power  per  hour:  simple  with  throttiing-governor  40 
lunds,  with  automatic  governor  35  pounds,  with  Corliss  valves 
30  pounds;  compound  using  high-pressure  steam  25  pounds. 
In  order  that  the  pipes  may  be  sufficiently  large  it  is  better  to 
proportion  the  systems  fpr  the  more   uneconomical  type. 


TABLE  OF  DATA  FOR  COMPUTATION. 
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In    the    following   discussion     the   dimensions    of    piping 

are  computed  for  an  engine   using  40  pounds  of  steam   per 

^^orse-power  per  hour  (J  pound  per  minute),  and  exhausting 
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against  a  back  pressure  above  or  below  atmosphere  as  stated.* 
The  preceding  table  gives  properties  of  steam,  also  radiating 
surface  supplied  per  horse-power  by  engines  of  various  classes. 

The  computation  of  the  size  of  exhaust-pipes  can  be  made  by  the 
following  algebraic  process : 

Let  V  equal  velocity  of  the  steam  in  feet  per  second ;  V^  velocity  in 
feet  per  minute ;  /,  length  of  pipe  in  feet ;  D,  diameter  of  pipe  in  feet ; 
d,  diameter  in  inches;  A,  area  of  pipe  in  square  feet;  (2*  cubic  feet  of 
steam  discharsfed  per  minute ;  h,  back  pressure  above  atmosphere  ex- 
pressed  in  feet  of  steam  ;  p,  back  pressure  expressed  in  pounds  per  square 
inch  ;  HP^  horse-power  of  engine ;  c,  number  of  cubic  feet  in  one  pound 
of  steam. 

From  the  formulae,  page  218,  we  have,  for  velocity  in  feet  per  second 

from  which  by  reduction  the  velocity  in  feet  per  minute 

K  =  3ooo|/^Z>  =  866 1/^^. (2) 

The  discharge  in  cubic  feet  per  minute 

C  =  ^K=3ooo^|/^Z?=4,723|/^^».     ...    (3) 

Since  f  pound  of  steam  is  used  per  horse-power  per  minute, 

Q^\cHP (4) 

From  above  by  reduction 

^  =  o.  537 V  ^  =  0.457 V -^/r/>; (5) 

/^/>  =  7.i35r  757 (6) 

In  case  the  back  pressure  is  equal  to  one  foot  of  water  column 
(0.433  pound  per  square  inch)  above  atmosphere,  ^  =  1598,  r  =  25.7. 
and  we  have 

HP=  I. II  V^. 

For  one  pound  back  pressure 

A^P=i.i8y^. 

It  is  advisable  to  make  the  diameter  one  inch  greater  to 
overcome  additional  resistances.     (See  table.) 

*  Radiating  surface  25  per  cent  less.     See  Article  121,  page  218. 
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I  The  foregoing  table  is  computed  for  steam  having  a  pressure 
of  &43  pound  above  the  atmosphere.  For  other  pressures  of 
exhaust  multiply  the  results  given  in  the  table  by  the  following 
(artors  (for  other  distances  multiply  by  0.1  ♦'/): 


pounds  below, 
jj  pounds  below. 

3  pounds  above 


As  an  example  ;  find  the  size  of  exhaust-pipe  and  amount 
F  radiating  surface  supplied  by  the  exhaust  of  a  50  horse- 
tower  engine  of  the  automatic  type,  working  against  a  back 
Ipressure  of  O.43  pound.  For  this  condition,  the  exhaust  from 
I  one  horse-power  will  supply  25  per  cent  less  than  1 3 1  square  feet 
of  radiation  (see  table  page  283),  or  4900  square  feel.  From 
the  table  at  top  of  page  we  see  that  a  6-inch  pipe  will  be  some- 
what larger  than  required,  but  should  be  used.  The  amount  of 
radiating  surface  needed  to  warm  a  given  building  will  depend 
on  pressure  of  the  steam,  exposure,  and  class  of  building,  as 
explained  on  page  6y. 

133.  Systems  of  Exhaust-heating  with  Less  than  At 
mospberic  Pressure. — If    a  system  of   exhaust-heating   dis- 

C  steam  and  condensation  directly  into  the  atmosphere, 
ire  must  be  slightly  above  atmospheric  :  but  systems 
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have  been  used  with  success  in  which  the  back-pressure 
was  less  than  atmospheric,  and  in  the  table  of  proportions 
which  has  been  given  such  cases  are  conskicred. 

Such  a  system  can  be  constructed  by  connecting  the  dis- 
charge  from   the   system 
to  ail  air-pump  whicli  will 
remove  the  water  of  con- 
densation and  to  a  great 
extent    the    atmospheric 
pressure  ;  tlie  heating  sur- 
face  will   act    as   a   con- 
denser for  the  engin 
in  case   it    is    insufficient  ■ 
for  this  purpose  a  jet  or  I 
surface  -  condenser,     sup- 1 
plied  with  cold  water  may T 
1  tie  used  to  supplement  it.J 
I  nstcad  of  an  air-pump  and  1 
condenser,  a  siplion  con-1 
denser,  Fig.  196.  may  be] 
used.     This  latter  instrifc.  f 
men,l   is   regularly  on  the  J 
market,  and  consists 
chamber  above  a  conver- 
gent tube  which  receives 
the  exhaust  steam  and  a 
jet  of  water.     This 
denser    depends     for 
action  upon   the  fact  th^ 
a  column  of  water  34  feet  in  height  will  balance  and  overcome 
the  atmospheric  pressure.     For  its  successful  use  it  must  be 
set  so  that  the  top  of  the  condenser  is  at  least  34  feet  higher 
than  the  end  of  the  discharge-tube,  the  bottom  of  which  is  t<8 
be  submerged. 

In  a  system  of  exhaust  heating  by-pass  connections  to  t 
outside  air  or  condenser  should  be  provided,  so  that  the  heat- 
ing  surface  need  not  be  used  in  warm  weather. 

Besides    the    general   system   which   has   been   described, 
other  systems  of  great  merit  have  been   devised  and  f 
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idiating  system,  is  received  into  a  large  brancli-tce.  which  is 

supplied  with  injection-water  and  serves  as  a  condenser.     The 

suction-pipe  of  the  air-pump  is  connected  to  the  branch-tee 

and  acts  to  remove  the  atmosplieric  pressure  from  tlic  entire 

^B^stem.     A  by-pass  for  summer  use  is  shown.    Water  is  heated 
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in  the  closed  hot-water  tank  by  a  portion  of  the  return  and 
may  be  used  for  any  purpose  needed,  as,  for  instance,  feed- 
water  for  boilers,  heating  by  hot-water  circulation,  etc. 

The  cut  illustrates  an  automatic  valve  at  the  upper  or  dis- 
charge end  of  the  exhaust-pipe,  technically  known  as  a  back- 
pressure valve,  which  in  construction  is  like  a  check-valve 
opening  outward,  but  is  provided  with  removable  or  adjust- 
able weights  for  the  purpose  of  balancing  any  desired  pressure 
inside.  It  is  adjusted  to  open  and  discharge  the  steam  when 
the  pressure  exceeds  any  desired  afnount,  and  to  close  when 
the  pressure  falls ;  it  is  almost  universally  employed  to  dis- 
charge the  excess  of  steam  in  connection  with  any  system  of 
exhaust-heating,  as  already  noted.  When  the  steam  supplied 
is  not  greater  than  can  be  condensed  and  removed  in  the  form 
of  water  or  steam  by  the  vacuum-pump  or  exhausting  device,  a 
vacuum  will  be  produced  throughout  the  entire  system  and 
even  extend  to  the  engine ;  the  temperature  in  the  radiators 
will  be  less  than  the  boiling-point  of  water  and  dependent 
upon  the  amount  of  vacuum.  When  the  steam  supplied  is 
in  excess  of  that  which  can  be  condensed,  the  back-pressure 
valve  will  open  intermittently  for  a  short  period  of  time ;  the 
pressure  in  the  main  exhaust  will  be  above  that  of  the  atmos- 
phere and  the  temperature  above  212**  F.  The  exhausting 
device  will,  however,  for  this  condition  draw  the  steam  and 
water  of  condensation  and  the  entrained  air  through  the  radi- 
ators and  coils  and  may  produce  considerable  vacuum  through- 
out the  entire  heating  system,  which  may  begin  at  a  point 
near  the  exhaust-pipe  or  position  of  restricted  supply. 

The  Williames  system  was  patented  by  N.  P.  Williames, 
April  4,  1882,  and  some  of  the  claims  of  the  patent  were  sus- 
tained by  a  decision  of  the  U.  S.  Circuit  Court  in  1890  in 
the  case  of  Williames  v.  Barnard,  and  by  the  Circuit  Court  of 
Appeals  in  1899  in  the  case  of  McNeely  v.  Williames;  it  is 
interesting  as  being  the  fundamental  patent  granted  in  the 
United  States  for  circulating  steam  positively  without  material 
condensation  through  a  heating  system  by  means  of  a  suction 
device  or  exhauster  connected  to'Tthe  return-pipe. 

The  Webster  system^  Fig.  199,  was  the  immediate  successor 
commercially  to  the  Williames  system  and  is  now  in  extensive 
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use.  It  differs  from  the  Williames  system  principally  in  the 
use  of  a  thermostatic  valve  located  in  the  return  pipe  from 
each  radiator  or  heating  coil.  This  valve.  Fig.  200,  is  con- 
structed on  the  same  principle  as  the 
automatic  valve  shown  in  Fig.  87,  or  as 
the  expansion  trap  shown  in  Fig.  164, 
and  so  as  to  open  when  the  temperature 
falls  below  a  certain  prearranged  amount 
less  than  that  of  the  steam,  or  to  close 
when  the  temperature  rises  to  that  of  the 
steam.  The  action  of  the  valve  in  this 
manner  causes  complete  condensation  to 
take  place  in  the  radiator,  so  that  the 
vacuum-pump  removes  only  the  water  of 
condensation  and  air.  It  should  be 
noted  that  separate  steam  supply-  and 
return-pipes  are  required  in  both  the  Williames  and  Webster 
systems. 

The  Paul  system,  which  is  now  in  extensive  use  for  heating 
large  buildings,  differs  in  construction  and  in  principle  of 
operation  from  those  described  in  that,  instead  of  using  a 
large  air  or  vacuum  pump  which  is  connected  to  the  return  of 
all  the  radiators  so  as  to  cause  circulation  of  steam  through 
the  radiator,  it  employs  a  small  jet-pump  called  an  exhauster, 
which  can  be  operated  either  by  water  or  steam  under  pres- 
sure, and  which  is  connected  to  a  pipe-fitting  in  communi- 
cation with  a  series  of  exhaust-  or  air-pipes,  each  leading  to  a 
thermostatic  air-valve  attached  to  each  radiator.  The  ther- 
mostatic air-valve  is  constructed  on  the  same  principle  as 
that  shown  in  Fig.  87,  and  will  close  at  the  temperature  of 
the  steam  so  that  it  will  discharge  air  only.  A  simple  dia- 
gram showing  the  essential  elements  of  the  Paul  system  is 
shown  in  Fig,  201,  opposite,  as  applied  to  heating  with 
exhaust-steam  taken  from  an  open  exhaust-pipe.  In  the  lower 
right-hand  corner  is  shown  an  elevation  of  the  engine  cylin- 
der and  its  exhaust-pipe,  which  may  or  may  not  be  provided 
with  a  back- pressure  valve  near  the  point  of  discharge  into 
the  air.  From  the  exhaust-pipe  branches  lead  off  for  sup- 
plying each  radiator  with  steam  in  the  usual  manner.     The 
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lower  radiator,  being  supplied  with  aseparate  return,  illustrates 

the  application  of   the  system   to  a  two-pipe  job,  while  the 

upper  radiator  illustrates  the  application  to  a  one-pipe  system 

of  heating.      Returns   from  all  the  radiators  and  drips  from 

the  pipe-lines  connect  with  a  tank  or  receiver  shown  in  the 

lower  centre  part  of  the  diagram.     This  receiver  serves  as  a 

receptacle   for    hot   water,   which,  may   be    pumped   out    for 

further  use  or  wasted  as  may  be  desired,  and  is  usually  con- 

I  ncctcd    to    the  atmosphere    by  a    pipe-line    provided    with    a 

K^eck-valve   opening    inward    so    as    to    prevent   a   vacuum. 

^n  the  diagram,  however,  the  receiver  is  a  closed  tank  from 


i 


Paul  System. 


which  the  air  may  be  removed  by  the  exhauster.  The 
exhauster  is  indicated  in  the  diagram  by  a  small  rectangle 
near  the  engine  cylinder,  and  is  connected  to  the  pipes  lead- 
ing to  the  discharge  side  of  the  thermostatic  air-valves  which 
arc  located  on  each  radiator  and  on  the  receiver.  These 
valves  open  when  the  temperature  is  less  than  that  of  the 
,*tcam  and  permit  the  flow  of  air  from  the  radiator  into  the 
[bauster,  whence  it  is  discharged.  Under  ordinary  condi- 
is  the  vacuum  produced  by  the  exhauster  would  extend 
only  to  the  discharge  orifice  of  the  thermostatic  valve ;  but  if  the 
supply  of  steam  is  restricted  and  the  discharge  from  the  re- 
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turns  sealed,  the  vacuum  may  extend  into  the  radiators  and 
through  the  entire  heating  system  to  the  engine. 

In  the  practical  erection  of  the  Paul  system  for  large  build- 
ings the  arrangement  of  pipe  is  generally  similar  to  that 
shown  for  the  Williames  system,  except  that  it  is  applicable 
to  either  a  one-  or  two-pipe  system  of  heating  and  is  usually 
such  that  the  exhaust  steam  first  passes  through  a  feed-water 
heater  so  constructed  that  the  water  to  be  warmed  flows 
through  a  coil  of  pipes  surrounded  by  the  exhaust-steam. 
This  is  for  the  purpose  of  warming  the  boiler  feed-water  with- 
out contaminating  it  with  grease  and  oil.  The  exhaust-steam, 
after  separation  of  the  water  of  condensation  and  oil,  flows  to 
the  top  of  the  building,  from  whence  it  is  conveyed  to  the 
various  radiators  and  heating-coils  as  in  the  system  described. 
The  system  is  so  arranged  that  live  steam  can  be  used  if  desired. 

The  advantages  of  the  Paul  system  depend  principally  upon 
the  quick  removal  of  air  from  the  various  radiators  and  pipes, 
which  constitutes  the  principal  obstruction  to  circulation. 

Hot-water  Circulation  Systems, — ^There  are  several  sys- 
tems in  use  in  which  hot  water  after  being  heated  by  exhaust- 
steam  is  circulated  by  pumps  or  otherwise  through  the  various 
radiators  and  heating-coils.  Of  these  systems  that  of  Evans 
&  Almirall  is  in  most  extensive  use,  of  which  one  form  is  shown 
in  the  diagram,  Fig.  203.  As  illustrated,  the  exhaust-steam 
from  the  engines  CC  and  pump  B  passes  through  the  heater 
shown  at  A^  where  it  is  in  part  condensed  and  the  remainder 
discharged  through  the  open  exhaust-pipe  E,  The  exhaust- 
steam  in  this  heater  surrounds  brass  or  copper  coils  through 
which  the  water  flows,  thereby  taking  up  heat  from  the  steam. 
The  water  after  being  warmed  in  the  heater^  is  circulated  by 
the  pump  B  (which  is  represented  here  as  a  piston-pump,  but 
is  usually  of  the  centrifugal  or  rotary  type)  through  the  vari- 
ous pipes  and  radiators  ^A'  constituting  the  heating  system. 
The  pump  simply  performs  the  work  of  circulating  the  water 
at  the  required  velocity  and  overcoming  the  friction,  as  the 
pressure  on  both  suction  and  delivery  sides  is  otherwise  the 
same.  By  means  of  the  pump  any  desired  velocity  can  be 
attained  with  a  corresponding  regulation  of  the  temperature. 

An  auxiliary  live-steam  heater  is  shown  at  Z>,   which  is 
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provided  with  a  coil  through  which  the  live  steam  can  pass, 
and  is  arranged  so  that  the  water  can  be  circulated  through  it 
as  needed  to  supplement  the  exhaust-steam  heater.    In  some 


» 


i-iflsunccs  an  economiser  or   heater  in   the  smoke-flue  is  em- 

lyed  alone  or  in  connection  with  the  other  heaters.      This 

5  particularly  well  adapted  for  the  warming  of  build- 
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ings  without  causing  excessive  back-pressure  on  the  engines^ 
although  they  may  be  situated  some  distance  from  the  supply 
of  exhaust  steam ;  it  has  been  extensively  employed  for  utiliz- 
ing the  exhaust  steam  of  electric-light  plants  for  warming  of 
buildings  in  connection  with  large  institutions  and  in  cities  and 
villages. 

The  Yaryan  system  is  essentially  the  same  as  the  Evans  & 
Almirall  system.  It  seems  to  differ  only  in  minor  details  of 
construction. 

The  Osborne  system  differs  in  that  the  exhaust  steam  is 
circulated  to  a  heater  located  in  the  building  to  be  warmed ; 
no  pump  for  circulating  water  is  used ;  the  transfer  of  heat 
from  the  exhaust  steam  causes  a  circulation  of  water  through 
the  heater  and  the  heating  system  in  much  the  same  manner 
as  in  the  ordinary  systems  of  hot-water  heating. 

Vacuum  Circulating  Systems, — If  the  air  could  be  removed 
and  kept  from  flowing  back  in  any  closed  system  of  steam- 
heating,  as,  for  instance,  the  usual  one-  or  two-pipe  system  of 
steam  circulation,  in  which  the  return-water  flows  directly  to 
the  boiler,  we  should  have  conditions  which  would  permit  a  cir- 
culation of  steam  with  a  pressure  above  or  below  the  atmos- 
phere as  desired,  and  consequently  with  a  pressure  and  tem- 
perature dependent  upon  the  amount  of  fire  maintained  in  the 
heater.  Thus,  for  instance,  if  so  much  air  were  removed  as 
to  produce  an  absolute  pressure  of  2  pounds  corresponding  to 
a  vacuum  of  about  26  inches,  the  boiling  temperature,  at 
which  steam  would  be  produced,  would  be  126  degrees  Fahr. , 
and  if  just  sufficient  fire  were  maintained  to  produce  that 
pressure,  the  temperature  would  be  as  stated.  If  more  fire 
were  maintained,  so  as  to  produce  greater  quantities  of  steam, 
the  pressure  in  the  system  would  rise  with  a  corresponding 
increase  in  temperature.  By  simple  regulation  of  the  fire  any 
temperature  from  100°  to  300°  F.  could  be  maintained  under 
these  conditions.  Such  a  system  would  give  all  the  advantages 
pertaining  to  low  temperatures  and  regulation  of  temperatures 
possessed  by  the  hot-water  system  of  heating,  and  all  the 
advantages  relating  to  high  temperatures,  small  radiators,  and 
cost  of  installation  pertaining  to  the  steam  system. 

Several  plans  have  been  devised  to  produce  the  results 
described. 


ressure    is    reduced.     The; 
ve  is  shown  in  the  accoin- 
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£XNa  VST  a  ad    l-AtUCM  SIEAM-HEATIM}  SYSTEMS.   SQS  ] 

The  Morgan  syslfiit  accomplishes  the  desired  result  simply 
by  the  use  of  an  automatic  air-valve  so  constructed  that  it 
will  permit  the  air  to  fiow  out  when  the  steam  is  at  a  higher' 
pressure  than  atmospheric  in  the  radiator,  but  will  not! 
permit  it  to  return  when  the  pressure  is  reduced.  The; 
construction  of  the  Morgan  air-valve  is  shown  in  the  accom- 
panying figures,  A  and  B,  one  of 
which  shows  the  valve  closed  for  the 
escape  of  air,  and  the  other  shows 
it  open.  The  air-valve  is  attached 
in  the  usual  manner  to  a  radiator, 
a  small  screen  being  inserted  in  the 
connection  to  prevent  dirt  passing 
into  the  valve.  The  automatic 
features  for  permitting  the  escape  ^ 
of  air  when   the  pressure   is  above 

that  of  the  atmosphere,  and  preventing  the  escape  of  steam, 
consist  of  a  hollow  float  shown  in  section  in  the  engrav- 
ings, one  end  of  which  is  open  and  submerged  in  water 
so  as  to  keep  the  float  nearly  filled  with  air.  The  air  thus 
sealed  constitutes  a  thermostatic  substance,  that  when  ex- 
panded by  heat  causes  the  float  to  rise,  as  shown  at  A,  closing 
the  opening  and  thus  preventing  the  escape  of  steam  from  the 
radiator;  when  the  temperature  falls  this  air  contracts  and 
allows  the  float  to  fall  to  the  position  shown  in  B,  thus  per- 
mitting the  escape  of  the  air.  It  is  thus  seen  that  the  air 
is  expelled  from  the  radiator  as  in  the  automatic  air-valves 
already  described.  To  prevent  the  return  of  the  air  to  the 
radiator  after  it  has  been  allowed  to  cool  and  a  vacuum  has 
been  formed  by  condensation,  a  soft  rubber  ball  resting  on  a 
rubber  seat  is  employed,  which  is  situated   near  the  top  of 

I  each  air-valve  and  constitutes  a  check-valve  opening  out- 
ward. This  ball  is  shown  in  section  in  the  engravings.  In 
case  the  ball  becomes  imperfect  it  can  easily  be  removed  and 
a  new  one  inserted, 
A  modified  form  of  the  Morgan  system,  as  designed  by 
James  A.  Trane  of  Milwaukee,  connects  the  discharge  of  all 
she  air-valves  by  pipe-lines  to  a  mercury  trap  or  seal  located 
near  the  healer.     The  air  from  the  system  can  be  expelled  bjr 


I 

I 
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pressure  through  the  mercury  seal,  which,  however,  acts  to 
prevent  its  return  to  the  system  when  the  pressure  falls,  thus 
maintaining  any  vacuum  produced  by  condensation. 

In  the  operation  of  the  systems  which  have  been  described 
for  circulating  steam  at  less  than  atmospheric  pressure,  the 
valves  or  checks  which  prevent  the  return  of  the  air  must  in  all 
cases  be  so  constructed  as  not  to  leak;  since  any  leakage  of 
air  into  the  systen\  at  any  point  would  destroy  the  vacuum. 
The  problem  of  constructing  every  valve  or  fitting  of  an  entire 
system  so  as  to  remain  perfectly  tight,  especially  when  below 
atmospheric  pressure,  is  a  difficult  one,  consequently  all  the 
above  systems  are  likely  to  become  inoperative  for  these  reasons. 
To  overcome  the  effect  of  slight  leaks  of  air  into  the  system 
Andrew  G.  Paul  has  designed  and  patented  a  system  which  in 
many  respects  is  similar  to  that  described,  but  in  which  the 
air  is  removed  from  each  radiator  positively  by  an  air-exhaust- 
ing device  controlled  by  a  thermostatic  air-valve  similar  to 
that  already  described  as  in  use  in  the  Paul  system. 

The  Johnson  system  of  hermetic  heatings  designed  by 
W.  S.  Johnson  of  Milwaukee,  consists  of  an  air-valve  attached 
to  a  radiator  which  is  constructed  in  such  a  manner  that  when 
the  air  is  once  forced  out  it  cannot  return.  In  this  case  the 
air-valve  and  also  the  supply-valve  are  operated  by  pneumatic 
pressure  controlled  by  a  thermostat  located  at  any  convenient 
point  in  the  room,  as  in  the  Johnson  system  of  temperature 
regulation.  It  is  intended  to  be  used  in  connection  with  the 
Johnson  system  of  heat  regulation,  and  is  arranged  to  produce 
any  desired  vacuum,  by  condensation,  and  consequently  any 
desired  temperature  in  the  radiator  to  which  it  is  attached. 

The  Van  Auken  system  of  circulation  is  similar  to  the 
Paul  system  as  already  described,  in  that  it  has  an  exhausting 
device  attached  to  a  thermostatic  air-valve  in  essentially  the 
same  manner.  The  thermostatic  movement,  however,  is 
regulated  by  change  of  temperature  in  the  room  and  operates 
both  admission-  and  air-valve  for  each  radiator,  as  in  the 
Johnson  system.  The  air- valve  is  so  constructed  that  it 
admits  air  to  the  radiator  when  the  temperature  of  the  room 
is  too  high  and  discharges  it  through  the  exhauster  when  the 
temperature  is  too  low,  thus  controlling  the  temperature  by 
varying  the  amount  of  air  in  the  radiator. 
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134..  Combined  High-  and  Low-pressure    Heating-sys- 
tems.— In  iiearlyall  systems  of  heating  with  exhaust  steam  it  is 


cessaryto  arrange  the  pipings©  that  at  times  live  steam  may 
admitted  in  any  amount  required,  as  substantially  described 
Article  130. 

In  some  instances  high-pressure  steam  is  carried  in  the 
boiler  and  may  possibly  be  used  in  a  few  radiators,  while  the 
principal  part  of  the  building  is  heated  with  low-pressure  steam 
which  is  drawn  directly  from  the  boiler,  and  is  reduced  in  press- 
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ure  by  passing  through  a  reducing-valve.  In  this  case  the 
return-water  of  condensation  passes  to  a  tank  or  chamber  at  the 
lowest  portion  of  the  system,  and  is  fed  into  the  boiler  by  means 
of  a  return-trap  or  steam-pump.  The  principal  elements  of  such 
a  system  is  shown  in  Fig.  199,  as  designed  by  the  Albany  Steam 
Trap  Company,  and  forms  a  useful  illustration  of  the  method 
of  piping  essential.  To  start  the  pump  automatically  and  to 
keep  it  moving  at  the  proper  speed  a  pump-governor  (Article 
135)  is  used. 

135.  Pump-governors. — In  non-gravity  systems  of  heating 
the  water  of  condensation  is  returned  to  the  boiler  by  return- 
traps,  as  described  in  ArticlegS,  page  194, or  by  steam-pumps. 
The  trap  is  automatic,  and  when  in  good  order  will  operate 
without  attention,  but  the  ordinary  steam-pump  needs  to  be 
started  and  stopped,  as  required,  to  remove  the  water.  To 
render  the  pump  automatic  a  device  termed  a  pump-goi'ernor 
is  often  employed.  Many  forms  are  used,  but  they  con- 
sist in  nearly  every  case  of  a  tank  containing  a  float  or  equiv- 
alent device,  connecting  with  levers  to  the  valve  which  admits 

steam  for  operating  the  pump. 
The  tank  is  connected  to 
the  suction  and  located  above 
the  pump.  When  the  tank  is 
full  of  water,  the  steam-pump 
is  put  in  operation  by  the 
rising  of  the  float,  which  opens 
the  steam-valve.  When  the 
tank  is  empty,  the  float  falls, 
closing  the  steam-valve  and 
thus  stopping  the  pump. 

A  pump  governor  consist- 
ing of  a  float-trap  with  outside  connections  to  a  steam-valve,  as 
described  by  F..  Barron,*  is  shown  in  Fig.  200. 

A  steam-pump  with  attached  governor  is  shown  partly  in 
section  Fig.  201.  In  this  case  the  float  is  of  the  bucket  form, 
the  valve  for  supplying  steam  to  the  pump  is  flat  with  a  single 


Fig.  200  — Pump-governor  with 
Outside  Levers. 
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port,  and   is  connected   by  an   internal  lever  to  the  bucket  in 

such  a  manner  that  wiien  the  tank  is  filled  the  valve  will  be 

opened   and    the   pump   will   operate,  and   when  the  tank  is 

npty  the  valve  will  be  closed,  and  the  pump  will  stop. 

The  pump-governors  are  frequently  set  some  little  distance 


Internal  Conkected  Pump-goveknob. 

■otn  the  pump,  but  attached  in  every  case  so  as  to  produce 
'the  results  described. 

136.  The   Steam-loop. — A   device  which    has  been   used 

quite  extensively  for  returning  water  of  condensation  to  the 

loiier   when     the    pressure    has    been     reduced    only   a    few 

ounds  is  called  a  steam-loop,  the  construction  and  principle 

f  operation  of  which,  as  described  by  Walter  C.  Kerr,  is  as 


:ure  shows  the  loop  returning  the  water,  from  a 
tor  attached  to  an  engine-main,  to  a  boiler  above  the 
rparator  level.  "  From  the  separator  drain  leads  the  pipe 
klled  the  'riser,'  which  at  a  suitable  height  empties  into  the 
Iborizontal.  This  runs  back  to  the  drop-leg,  connecting  to  the 
boiler  anywhere  under  the  water-line.  The  riser,  horizontal, 
and  drop-leg  form  the  loop,  and  usually  consist  of  pipes  varying 
in  size  from  three  quarters  of  an  inch  to  two  inches,  and  are 
hvholly  free  from  valves,  the  loop  being  simply  an  open  pipe. 
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^•iYing  free  communication  from  separator  to  boiler.  (Stop, 
aiul  check-valves  are  inserted  for  convenience,  but  take  no 
l^rl  in  the  loop's  action.)"  Supposing,  for  example,  the  boiler- 
picHsure  to  be  loo  pounds  and  the  pressure  at  the  separator 
reduced  to  95.  "The  pressure  of  95  pounds  at  the  separator 
extends  (with  even  further  reduction)  back  through  the  loop, 


Fig.  202.— The  Steam-loop. 

but  in  the  dropJeg  meets  a  column  of  water  (indicated  by  the 
broken  line)  which  has  risen  from  the  boiler,  where  the  pressure 
is  100  pounds,  to  a  height  of  about  19  feet,  that  is,  to  the  hydro- 
static head  equivalent  to  the  5  pounds  difference  in  pressure. 
Thus  the  system  is  placed  in  equilibrium.  Now  the  steam  in 
the  horizontal  condenses,  lowering  slightly  the  pressure  to  94 
pounds,  and  the  column  in  the  drop-leg  rises  two  feet  to 
balance  it ;  but  meanwhile  the  riser  contains  a  column  of  mixed 
vapor,  spray,  and  water,  which  also  tends  to  rise  to  supply  the 
horizontal,  as  its  steam  condenses,  and  being  lighter  than  the 
solid  water  of  the  drop-leg  it  rises  much  faster.  By  this  proc- 
ess the  riser  will  empty  its  contents  into  the  horizontal,  whence 
there  is  a  free  run  to  the  drop-leg  and  thence  to  the  boiler." 

137.  Reducing-valves. — The  reducing-valve  is  a  throttling- 
valve  arranged  to  be  operated  automatically  so  as  to  reduce 
the  pressure  and  also  to  maintain  a  constant  pressure  on  the 
steam-mains.  A  great  many  forms  of  these  valves  are  in 
common  use.  In  one  a  diaphragm  of  metal  or  rubber  is  em- 
ployed, as  in  Fig.  203.  The  low-pressure  steam  acts  on  one 
side  of  the  diaphragm,  a  weight  or  spring  which  may  be  set  at 
any  desired  pressure  on  the  other  side.     This  diaphragm  is 
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connected  with  a  balanced  valve  which  is  moved  to  or  from  its 
scat  as  less  or  more  steam  is  required  to  preserve  constant 
pressure.     Since  the  pressure  in  the  main  steam-pipe  does  not 


Pi»3.  aoj. — Holt's  Reducino-vai-tb. 


^pffcct  the  motion  of  the  valve,  its  position  will  depend  upon 
the  pressure  on  the  two  sides  of  the  diaphragm.  The  pressure 
on  one  side  is  that  due  to  the  steam  which  has  passed  through 
the  valve,  and  that  on  the  other  to  a  weight  or  spring  which 
can  be  set  at  any  desired  point. 

Another  form  of  reducing- valve  with  differential  piston  and 
diaphragm  is  shown  in  Fig.  204,  and  is  described  as  follows: 

Steam  from  the  boiler  enters  at  side  "steam  inlet"  and, 
passing  through  the  auxiliary  valve  AT,  which  is  held  open  by 
the  tension  of  the  spring  S,  passes  down  the  port  marked  "  from 
auxiliary  to  cylinder,"  underneath  the  differential  piFiton  D. 
IJy  raising  this  piston  D  the  valve  C  is  opened  against  the 
initial  pressure,  since  the  area  of  C  is  only  one  half  of  that 
of  D.  Steam  is  thus  admitted  to  the  low-pressure  side,  and 
also  passes  up  the  port  XX  underneath  the  phosphor-bronze 
diaphragm  00.     When  the   low    pressure  in  the  system  has 

Arisen  to  the  required  point,  which  is  determined  by  the  ten- 
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sion  of  the  spring  S,  the  diaphragm  is  forced  upward  by 
the  steam  in  the  chamber,  the  valve  A'  closes,  no  more  steam 
is  admitted  under  the  piston  D.  The  valve  C  is  forcet 
onto  its  seat  by  the  initial  pressure,  thus  shutting  off  steam  fi 
the  low-pressure 
tion  is  repeated  as  often  as 
low  pressure  drops  bcloiv  the  re- 
quired amount.  The  piston  D 
is  fitted  with  a  dash-pot  E,  which 
prevents  chattering  or  pounding. 
In  another  style  of  construction 
a  piston  acted  on  by  the  low- 
pressure  steam  serves  to  open  or 
close  a  balanced  valve  an  amount 
sufficient  to  maintain  the  steam- 
pressure  constant. 

138.  Transmission  of  Steam 
Long    Distances.  —  It    is    frei 
quently    necessary    to    transmfl 
steam    long    distances    undefl 
ground,  and   in  many  cases  this 
method    gives     better    financial 
returns    than     the    construction 
and   operation    of  a  lai^e  num- 
ber of  small  and  isolated  plants, 
A   number  of   plants,   in    which 
steam  has  been   conveyed  long 
distances   in    pipes    laid    under- 
ground, have   been  constructed    for  the   purpose   of   heating 
portions  of  cities,  and  also  various  buildings  belonging  to  the 
same  public  institution. 

The  system  of  heating  from  a  common  boiler-plant  has  not 
generally  proved  successful  financially  in  citie?,  as  out  of  a 
large  number  which  have  been  erected  the  writer  knows  of 
only  one  which  is  now  in  use.  In  the  heating  of  various  build- 
ings which  belong  to  the  same  public  institution  this  system  of 
construction  has  proved  a  great  improvement  in  many  respects 
over  that  of  separate  heating-plants,  altliough  it  is  doubtful  it, 
in  a  single  case  it  has  ever  resulted  in  the  lessening 
for  fuel. 
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The  three  important  requisites  in  the  construction  of  such 
plants  are,  first,  a  removal  of  all  surface-water  so  that  it  cannot 
possibly  come  in  contact  with  the  steam-pipe ;  second,  provision 
for  tak-ing  up  expansion  of  pipe  and  keeping  it  in  proper 
alignment ;  and,  third,  insulation  of  the  pipe  from  heat  losses. 

The  first  condition,  which  is   the  most  important  of  all,  is 

(also  the  most  likely  to  be  overlooked,  and  many  failures  to 
secure  economic  transmission  have  been  caused  by  allowing 
the  surface-water  to  come  in  contact  with  the  heated  pipes. 
This  water  can  be  removed  by  the  construction  of  a  drain 
beneath  or  by  the  side  of  the  pipe-system,  provided  with 
L  proper  outlets.  A  perfect  drainage-system  for  the  soil  is  in 
fc«vcry  case  an  essential  requisite  for  success. 

Provision  for  expansion  may  be  made  by  the  use  of  expan- 
)n-joints,  as  already  described  in  Article  62,  page  135,  or  by 
the  use  of  elbows  and  right-angled  offsets  arranged  to  partly 
turn  as  the  line  expands.  The  writer  has  had  experience 
with  various  forms  of  these  joints,  and  found  nothing  equal  to 
the  straight  cxpansion-joint,  Fig.  90,  which  should,  however,  be 
constructed  so  that  it  cannot  by  any  possible  accident  be  pulled 
apart ;  this  may  be  done  either  by  use  of  an  internal  lug  or 
external  brace.  These  Joints  should  be  thoroughly  anchored, 
so  that  they  will  stay  in  position,  and  should  be  placed  suf- 
ficiently close  together  to  take  up  all  expansion  without  strain 
on  the  pipe-line.  If  the  ordinary  slip-joints  are  used,  they 
will  need  to  be  placed  at  distances  of  about  120  feet  apart. 
k^The  pipe  between  the  joints  should  rest  on  rollers  or  connect- 
ing hangers  which  permit  its  free  motion.  If  elbows  and  off- 
its  are  employed  to  take  up  expansion,  there  will  be  an 
upt  change  in  grade,  and  if  any  part  dips  below  the  main 
Iteam-line  it  should  be  drained  by  a  pipe  connecting  to  a  trap 
^r  to  the  return.  I  f  bends  convex  upward  arc  necessary,  means 
nust  be  provided  for  removing  the  air. 

In  general,  in  systems  where  the  steam  is  transmited  long 
^^istances  the  best  results  will  be  possible  only  when  the  boiler- 
plant  can  be  located  on   lower  ground  than  the  buildings  to 
be  heated,  so  that  the  water  of  condensation  may  be  returned 

I  by  gravity.     This  cannot  always  be  done,  and  in  many  cases 
h  will  only  be  possible  to  return  the  water  of  condensation  by 
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a  pump  located  in    one  of   tlie  buildings  to  be    heated,  an 
regulated  by  a  pump-governor.     This  in  some  cases  may  i) 
volvc  more  expense  tlian  will  be  warranted  by  the  saving  due 
to  returning  the  water  of  condensation. 

For  the  Insulation  of  the  pipe  many  methods  have  beeil 
adopted,    of    which    we   may   mention   first  the    wooden 
and  concentric  air-space  surrounding  the  pipe,  Fig.  205.     Th^ 


Fio.  ao5.  —Pipe  with  Wooditn-tube  Insulation. 
tube  is  usually  made  bysawintr  out  the  interior  portion  of  t 
lug,  leaving  a  shell  or  wall    about   two    inches   thick.      Each' 
length  is  provided  with  a  mortise  and  tenon  joint,  and  the  dif- 
ferent lengths  are  joined  together  by  driving.     These  wooden 
tubes  are  slipped  over  the  steam-pipe  as  it  is  laid,  the  pipe! 
being  held  in  a  central  position  by  collars,  so  as  to  leave  an  air<J~ 
space  about  one  inch  thick  surrounding  the  pipe.     This  pipe  isl 
usually  strongly  banded  with  hoop-iron,  and   the   joints   caiil 
be  made  water-tight  when  laid,  but  ciiecks  soon  form  in  thefl 
wood-pipe  and  make  crevices  tiirough  which  the  soil-water  caill 
reach  the  steam-pipe.     Recently  a  form  of  tube  made  of  twoJ 
layers  of  inch  board  separated  by  tarred  felting  has  come  into  J 
use  and  is  in  general  to  be  preferred  to  the  solid  tube  as  hai 
ing  superior  insulating  qualities.     A  view  of  such  tubing  partlyl 
in  section  is  shown  in  Fig.  206. 


Fic.  206. — Wyckofi'  Built-up  Wood  Tubihc, 

The  wooden-tube   system    of   insulation   is  objectionabl«v-l 

principally  because  it  does  not  protect  the  pipe  from  ground>f 
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water,  its  durability,  as  proved  by  experience,  is  not  great,  and 
leaks  in  the  steam-pipe  are  very  difficult  to  locate  and  repair. 
A  modified  plan  of  the  construction  described  lias  been  em- 

I ployed,  in  whicli  both  steam-  and  return-pipes  were  covered 
Vitli  asbestos  and  hair-felt  and  placed  in  a  box  made  of  2-inch 
S>lank:  the  box  was  laid  on  a  concrete  bottom  three  inches  thick, 
pnd  after  the  pipes  were  laid  it  was  completely  surrounded 
prith  concrete.  This  was  arranged  so  that  the  steam-pipes 
^ould  not  be  disturbed  by  decay  of  the  wood.  The  concrete 
would  in  that  event  support  the  steam-pipes  and  constitute  a 
protecting  tube.  The  heat  insulation  proved  on  trial  to  be 
much  superior  to  that  of  the  solid  wooden  tube,  while  its  cost 

I  was  somewhat  less.  Similar  constructions  in  which  the  wooden 
tube  has  been  replaced  by  sewer-pipe  are  in  use  and  are  of 
RUperior  durability.  In  one  case  familiar  to  the  writer  a 
wooden  tube  lined  with  sewer-pipe  was  laid  outside  the  steam- 
pipe,  the  whole  being  covered  with  earth  ;  such  a  construction 
Replaced  one  shown  in  Fig.  205,  but  in  practice  its  h^t-insula- 
tion  properties  have  not  proved  to  be  better. 

The  best  system  of  transmitting  steam  longilistances,  but 

Improbably  also  the  most  expensive,  is  to  be  obtained  by  build- 

[)ng  a  conduit  lined  with   brick  or  masonry  laid  in  cement  and 

lufficiently  large  for  inspection  and  repairs.     The  pipe  should 

'be  carried  in  it  on  proper  hangers  and  thoroughly  wrapped  with 

insulating   material,  as   described   in    Article    116,  page   200. 

Every  required  condition  can  be  easily  met  in  this  construc- 

K  tion. 

^k       The  loss  of  heat  from  systems  protected  by  a  simple  wooden 

Hitube  is  considerable,  rising  in  many  cases  to  from  30  to  40  per 

Hcent  of  that  from  the  bare  pipe.     This  is,  however,  due  to  the 

Hpoor  system  of  insulation  used,  since  it  should  not  exceed  in 

Vany  case  20  per  cent  of  that  from  naked  pipe  {see  page23o). 

The  loss  from  the  underground  system  of  piping  at  Cornell 

University,  which  is  somewhat  over  one  half  mile  in  length,  and 

in  which  the  steam-pipes  are  laid  inside  of  sewer-pipe,  with  a 

wooden  tube  outside  the  sewer  pipe,  the  whole  covered  with 

about  4  feet  of  earth,  causes  the  consumption  of  about  two  and 

R    one  half  tons  of  coal  per  day.  which  is  about  10  per  cent  of  the 

^^b>tal  coal  consumption  when  the  plant  is  working  at  normal 
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capacity.  This  heat  loss  is  very  nearly  a  constant  amount  and 
cannot  be  expressed  as  a  fixed  percentage  of  the  total  steam 
used,  for  the  reason  that  when  the  steam  consumption  is  large 
this  percentage  of  loss  is  small  and  vice  versa. 

High-pressure  steam  for  power  purposes  is  also  sometimes 
transmitted  in  this  manner  and  engines  operated  at  a  great 
distance  from  the  boiler-plant.  The  losses  from  such  a  system 
of  transmission  are  often  serious,  especially  if  a  long  pipe-line 
has  to  be  kept  hot,  and  if  the  engine  is  operated  only  a  part  of 
the  time  or  only  at  partial  capacity.  Where  the  engine  is 
worked  to  its  full  capacity,  the  loss  is  usually  less  than  by  any 
other  system  of  transmission.  The  following  paragraph  gives 
a  careful  estimate,  based  on  actual  experiment,  of  the  loss  ex- 
perienced in  transmitting  constant  power  by  various  methods 
a  distance  of  lOOO  feet. 

The  loss  in  transmitting  power  by  any  system  is  principally 
constant,  and  hence  when  the  power  is  greatly  increased  the 
percentage  is  correspondingly  reduced.  The  following  estimate 
is  based  on  the  transmission  of  lOO  horse-power  lOOO  feet : 

Percentage 
Method  of  Transmission.  of  Loss. 

Line  shafting : 

Loss  by  friction (average  32)  25  to  40 

Electricity : 

Loss  in  transforming  from  mechanical  to  electri- 
cal, and  vice  versa 20  to  30 

Line  loss 2  to    5 

Total  loss,  electrical  transmission 22  to  35 

Conveying  steam  : 

Naked  steam-pipe  (still  air) 37  to  45 

Pipe  covered  with  solid  wood  and  earth 1 1  to  13 

For  operating  machinery  which  is  required  occasionally  or  at 
intervals  electricity  is  no  doubt  the  most  economical  medium, 
since  when  the  demand  for  power  ceases  the  expenditure  on 
account  of  transmission  also  becomes  nothing,  which  is  rarely 
the  case  either  with  line-shafting  or  steam. 

The  diagram.  Fig.  207,  gives  the  summary  of  the  results  of 
a  test  of  the  Lehigh  Coal-storage  Plant,  South  Plainfield,  N.  J., 
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^H  made  by  the  writer  to  determine  the  heat  lost  in  supplying 
^B  an  enoine  situated  740  feet  from  a  boiler-house,  the  connecting 
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Underinound  Pipe. 
e-line  consisting  of  250  feet  of  6-inch,  106  feet  of  5-inch, 
d  391  feet  of  4-inch  pipe,  having  a  total  radiating  surface  of 
57.5  square  ftct.                                                                                   j 

1 

1 
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The  engine  was  1 2-inch  diameter,  i6-inch  stroke,  running 
with  a  piston  speed  of  about  600  feet  a  minute,  thus  producing, 
when  cutting  off  at  one  third  stroke,  a  velocity  of  steam  of 
about  60  feet  per  second  in  the  4-inch  supply-pipe.  As  this 
pipe  was  391  feet  long,  more  reduction  in  pressure  was  antici- 
pated than  was  actually  found.  As  shown  by  the  summary 
which  follows,  the  actual  reduction  varied  from  5  to  7  pounds, 
averaging  6  pounds. 

The  general  method  of  testing  adopted  was  such  as  to  give 
information,  first,  of  the  amount  of  water  in  the  steam  as  it 
entered  the  steam-pipe ;  second,  the  amount  of  water  in  the 
steam  as  it  reached  the  engine;  third,  the  amount  of  water 
collected  at  intervening  drips ;  fourth,  the  total  amount  of  steam 
used  ;  fifth,  the  fall  in  pressure  between  the  boilers  and  engine. 
These  determinations  were  made  as  follows :  The  amount  of 
water  in  the  steam  was  determined  by  a  throttling  calorimeter, 
the  sample  of  steam  being  drawn  in  each  case  from  a  vertical 
pipe  located  close  to  a  bend  from  a  horizontal,  and  collected 
by  a  half-inch  nipple  extending  past  the  centre  of  the  vertical 
pipe.  The  drip  was  caught  at  places  which  had  been  provided 
in  the. pipe,  and  was  weighed  from  time  to  time. 

The  barometer  readings  were  taken  with  an  aneroid  which 
had  been  compared  with  a  mercurial  barometer.  The  cor- 
rected  readings  are  given  in  the  summary  as  well  as  in  the  dia- 
gram. Simultaneous  observations  of  the  quantities  given  in 
the  summary  were  taken  every  ten  minutes.  A  study  of  the 
summary  shows  that  the  loss  was  sensibly  constant  during  the 
run.  This  is  clearly  shown  by  noting  the  fact  that  any  increase 
in  the  amount  of  steam  flowing  through  the  line  had  the  effect 
of  decreasing  the  percentage  of  moisture  at  the  engine. 

The  total  heat  loss  per  hour  was  equivalent  to  that  required  to 
evaporate  (36  +  45*  i  =)  81. i  pounds  of  water  from  a  tempera- 
ture of  314°  F.,  to  a  pressure  of  70.1  pounds  by  gauge.  This 
is  equal  to  (81.1  X  893  =)  72,322  B.  T.  U.  The  average 
steam-pressure  was  70.1  pounds  by  gauge,  its  temperature 
313.6*^  F.,  the  average  outside  temperature  16.6°  F.;  hence 
the  difference  of  temperature  was  297°.  The  loss  for  each  de- 
gree difference  of  temperature  between  that  of  outside  air  and 
that  of  steam  becomes  (78,342  -7-  297  =  )  243.7  B.  T.  U.  per 
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hour.  The  total  radiation  surface  was  1057.5  square  feet; 
hence  the  loss  in  B.  T.  U.  per  square  foot  per  hour  was  0.229 
per  degree  difference  of  temperature. 

This  for  a  difference  of  temperature  of  150**  corresponds  to 
0.17  B.  T.  U.  per  degree  difference  per  square  foot  per  hour, 
an  amount  about  10  per  cent  of  that  which  would  have  been 
given  off  from  a  naked  pipe.v  (See  page  86.) 

The  loss  by  condensation  varied  from  3  to  8  per  cent,  the 
loss  of  pressure  and  conseqnent  ability  to  do  work  about  6  per 
cent.  The  total  loss  was  not  f^r  from  10  per  cent  from  both 
these  causes ;  if  this  had  been  proportional  to  length,  it  would 
have  been  13.5  per  cent  foWa  line  1000  feet  in  length. 

The  diagram  shows  variations  in  the  observed  quantities  as 
they  occurred  from  time  to  time.  It  is  to  be  noted  that  as 
the  demand  for  steam  at  the  engine  was  large  the  moisture  in 
the  steam  delivered  was  correspondingly  reduced. 


CHAPTER  XIL 

HEATING  WITH  HOT  AIR. 

139.  General  Principles. — The  general  laws  which  apply 
to  hot-air  heating  have  already  been  considered  in  the  articles 
relating  to  Ventilation  and  to  the  Methods  of  Indirect  Heat- 
ing with  Steam  or  Hot  Water.*  The  method  of  heating  with 
hot  air,  as  usually  practised,  consists  in  first  enclosing  a  suit^ 
able  heater,  termed  a  furnace^  in  a  small  chamber  with  brick 
or  metallic  walls,  which  is  connected  to  the  external  air  by  a 
flue  leading  to  its  lower  portion  and  to  the  various  rooms  to 
be  heated  by  smaller  flues  leading  from  the  upper  part.  In 
operation  the  cold  air  is  drawn  from  the  outside,  is  warmed  by 
coming  in  contact  with  the  heated  surfaces  of  the  furnace,  and 
is  discharged  through  the  proper  flues  or  pipes  to  the  various 
rooms.  The  rapidity  of  circulation  depends  entirely  upon  the 
temperature  to  which  the  air  is  heated  and  the  height  of  the 
flue  through  which  it  passes;  the  velocity  will  be  in  every  case 
essentially  as  given  in  the  table  on  page  53.  In  order  that  a 
system  of  circulation  may  be  complete  flues  must  be  pro- 
vided for  the  escape  of  the  cooler  air  from  the  room  to  be 
heated,  otherwise  the  circulation  will  be  very  uncertain  and 
the  heating  quite  unsatisfactory.  Registers  and  flues  for  the 
escape  of  the  air  from  the  room  are  often  neglected,  although 
fully  equal  in  importance  to  those  leading  to  the  furnace. 

Regarding  the  relative  merits  of  hot-air  heating  by  furnace 
as  described  and  of  the  various  systems  of  steam  or  hot-water 
heating,  little  can  be  said  in  a  general  way,  since  so  much  de- 
pends on  circumstances  and  local  conditions.  It  is  rarely  that 
these  systems  come  in  direct  competition.     The  force  which 

*  See  pages  85  and  239. 
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causes  the  circulation  of  the  heated  air  is  a  comparatively 
feeble  one  and  may  be  entirely  overcome  by  a  heavy  wind; 
consequently  it  is  generally  found  that  the  horizontal  distance 
to  which  heated  air  will  travel  under  all  conditions  is  short : 
hence  the  system  is  in  general  not  well  adapted  for  large 
buildings.  When  properly  erected  and  well  proportioned,  ihis 
system  gives,  in  buildings  of  moderate  size,  very  satisfactory 
results. 

It  may  be  said,  however,  that,  in  erecting  a  hot-air  system 
of  heating,  competition  has  been  in   many  cases  so  sharp  as 
to  induce  cheap,  rather  than  good,  construction.     Small  fur- 
naces have  been  used  in  which  the  temperature   of    the  ex- 
terior shell  had   to   be   kept  so   high,   in  order  to  meet  the 
demands  for  heat,  that  the  heated  air  absorbed  noxious  gases 
from  the  furnace  and  entered  the  room  in  such  condition  as  lo 
impair,  rather  than  to  improve,  the  ventilation.     Ventilation- 
ducts  for  removing  the  air  from  the  rooms  have  often  been 
^^cglected,  and  hence  the  results  obtained  have  been  far  from 
^^blisfactory.     Such  faults  arc  to   be  considered,   however,  as 
^fnosc  of  design  and  construction   rather  than  as  pertaining  to 
the  system  itself. 

In  order  that  the  hot-air  system  should  be  satisfactory  in 
every  respect,  the  furnace  should  be  sufficiently  large,  and  the 
ratio  of  heating  surface  to  grate  such  that  a  large  quantity  of 
air  may  be  heated  a  comparatively  small  amount  rather  than 
that  a  small  quantity  shall  be  heated  a  great  amount.  As 
air  takes  up  heat  very  much  more  slowly  than  .steam  or  water, 
it  would  seem  that  the  relative  ratio  of  heating  surface  to 
grate  surface  should  be  more  than  that  commonly  employed 
in  steam-heating.  By  studying  the  proportions  which  have 
already  been  given  for  steam-heating  boilers  (page  135)  't  will 
be  seen  that  the  ratio  of  healing  surface  to  grate  surface  for 
the  steam-boiler  varies  between  20  and  45,  averaging  about  32. 
From  a  study  of  the  results  in  catalogues  of  manufacturers  of 

Iurnaces  the  ratio  of  air-heating  surface  to  grate  surface  in  hoi- 
H-  furnaces  seems  to  vary  from  20  to  50  as  extremes.  These 
loportions  arc  essentially  the  same  as  used  in  steam-heating 
Rd  are  much  too  small  for  the  best  results  in  hot-air  heating. 
\  b  qaite  evident  that  since  air  cannot  be  heated  by  radiation, 
\ -. 1 
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and  is  wanned  only  by  the  contact  of  its  particles  against  the 
heated  surface,  that  the  exterior  form  of  the  furnace  should  be 
such  as  will  induce  a  current  of  air  to  impinge  in  some  por- 
tion of  its  course  directly  against  the  surface. 

Regarding  the  economy  of  this  or  any  other  system  of  indirect 
heating,  it  is  simply  a  question  of  perfect  combustion  and  rela- 
tive wastes  of  heat.  If  the  fuel  is  perfectly  burned  and  all  the 
heat  which  is  given  off  is  usefully  applied,  the  system  is  per- 
fect. The  waste  of  heat  in  any  system  of  combustion  is  that 
due  to  loss  in  the  ashes,  to  radiation,  and  to  escape  of  hot 
gases  into  the  chimney.  If  the  furnace  is  properly  encased 
and  if  the  hot-air  pipes  are  well  covered,  there  is  no  reason 
why  losses  from  imperfect  combustion  and  from  radiation 
should  not  be  a  minimum.  The  chimney  loss  depends  largely 
upon  the  temperature  of  the  surface  of  the  heater:  if  this  is 
high,  the  loss  will  be  large.  In  general,  it  may  be  said  that 
the  larger  the  heating  surface  provided  the  lower  may  be 
its  temperature,  and  the  greater  the  economy.  It  should  be 
noted,  however,  that  this  or  any  system  of  indirect  heating 
requires  the  consumption  of  more  fuel  than  when  the  heating 
surfaces  are  placed  directly  in  the  room,  and  for  that  reason 
the  operating  expense  must  be  considerably  greater  than  that 
of  direct  systems  of  hot-water  and  steam  heating.     (See  page 

234.) 

Furnaces,  or  in  fact  heating-boilers  of  any  kind,  are  un- 
economical if  operated  with  a  deficient  supply  of  air.  In  this 
case  the  product  of  combustion  will  contain  carbon  monoxide,* 
an  extremely  poisonous  and  inflammable  gas,  which  is  quite 
likely  to  take  fire  and  burn,  on  coming  in  contact  with  air,  at 
the  base  or  top  of  the  chimney. 

140.  General  Form  of  a  Furnace. — The  principles  which 
apply  in  furnace  construction  are  not  essentially  different  from 
those  already  given  in  Chapter  VII  for  steam  and  hot-water 
boilers.  In  the  case  of  a  hot-air  furnace  the  fire  and  heated 
products  of  combustion  are  on  one  side  of  the  shell  and  the 
air  to  be  warmed  on  the  other.  In  the  case  of  steam  or  hot- 
water  boilers  the  water  and  steam  occupy  the  same  relative 

*  Sec  Article  24,  page  26. 
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^Bbsitlons  as  the  air  in  the  case  of  tlie  hot-air  furnaces.  The 
^l^pcs  and  forms  of  furnaces  which  are  in  use  may  be  classified 
^Kxactly  the  same  as  heating-boilers,  Articles  77  and  83,  as 
Hliaving  plain  or  extended  surface,  and  as  being  horizontal  or 
Kirertical,  tubular  or  sectional:  it  may  be  said  that  the  forms 
Bwhich  are  in  use  are  fully  as  numerous  as  those  described  (or 
Bsteam-heating  and  hot-water  heating. 

H       The  materia!  which  is  employed  in  construction  is  usually 
Hcast  iron  or  steel,  and  there  is  a  very  great  difference  of  opinion 
Has  to  the  relative  merits  of  the  two.     It  seems  quite  probable 
Hthat  cast  iron,  because  of  its  rough  surface,  may  be  a  better 
Hmedium  for  giving  off  heat  than  wrought  iron  or  steel,  but  it 
Bfs  quite  certain  that  at  a  very  high  temperature,  some  carbon 
V'from  the  cast   iron  will  unite  with  the  oxygen  from  the  air 
forming  carbonic  acid.      When  very   hot   it  may  be  slightly 
permeable  to  the  furnace  gases.      Such  objections  are.  how- 
ever, of  little  practical  importance,  since  the  temperature  of  a 
furnace  never  should,  and  never  does  if  properly  proportioned, 
exceed  300  or  4CXJ  degrees  Fahr.,  and  for  this  condition  the 
difference    in    heating    power  of    cast  iron  and    steel    is  very 
slight.     It  is  of  great  importance  that  the  shell  of  the  furnace 
be  tight,  so  that  smoke  and  the  products  of  combustion  can- 
not enter  the  air-passages. 

t      Furnaces  can  be  purchased  with  or  without  magazine  feed, 
but  the  demand  of  late  years  is  principally  for  those  without 
ttie  magazine,  since  it   has  not  been  proved  to  present  any 
special  advantages. 
Furnaces  are  often  set  in  a  chamber  surrounded  with  brick 
walls,  as  explained  for  steam-boilers,  but  they  are  more  fre- 
quently set  inside  a  metallic  casing,  this  latter  being  termed  a 
portable  setting  ;  this  casing  varies  somewhat  as  constructed  by 
,  different  makers,  but  usuallyconsistsof  two  sheets  of  metal,  the 
•outer  of  galvanized  iron,  with  intervening  air-space  empty  or 
ftfilled  with  asbestos.    The  casing  is  placed  at  such  a  distance  from 
phe  furnace  as  to  provide  ample  room  for  the  passage  of  air. 
Some  form  of  dumping  or  shaking   grate  which  can  be 
Kadily  and   quickly  cleaned  is   almost   invariably  employed, 
^he  draft-doors  which  admit  air  below  the  grate  and  check- 
npers  in  the  stovepipe  are  usually  arranged  so  they  can  be 
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opened  or  closed  from  some  convenient  place  on  the  first  floor 
of  the  house  by  means  of  chains  passing  over  guide-pulleys. 

A  pan  in  which  water  may  be  kept  is  added  to  every  fur- 
nace for  the  purpose  of  increasing  the  moisture  in  the  air; 
this  is  of  importance,  since  the  heated  air  requires  more 
moisture  than  cold  to  maintain  a  comfortable  degree  of  satura- 
tion, as  explained  in  Article  27,  page  32. 

141.  Proportions  Required  for  Furnace  Heating.— The 
proportion  of  the  area  of  heating  surface  in  the  furnace  to  that 
of  the  grate  cannot  be  computed  from  any  data  accessible  to 
the  writer,  and  the  proportions  given  are  assumed  to  be  twice 
those  which  have  been  found  to  give  best  results  in  steam-heat- 
ing ;  these  apparently  agree  well  with  the  best  practice.  The 
tables  which  are  given  are  computed  for  a  maximum  tempera- 
ture of  120**  F.  for  the  air  leaving  the  furnace,  which  is  50 
degrees  in  excess  of  the  ordinary  temperature  in  the  house. 
No  doubt  better  practice  might  require  the  introduction  of 
more  air  at  a  lower  temperature,  but  considering  the  fact  that 
this  high  temperature  only  has  to  be  maintained  when  the 
outside  weather  is  extremely  cold,  it  seems  quite  doubtful  if 
the  expense  of  a  furnace  large  enough  for  this  additional  duty, 
would  be  warranted. 

The  ratio  which  the  grate  surface  of  the  furnace  should  bear 
to  the  glass  and  exposed  wall  surface  of  the  room  can  be  com- 
puted with  sufficient  accuracy  from  known  data  relating  to  the 
heat  contained  in  coal  and  to  the  probable  efficiency  of  com- 
bustion. The  heat  given  off  from  the  walls  of  a  room  for  each 
degree  difference  of  temperature  between  the  inside  and  put- 
side  has  been  shown  on  page  59  to  be  approximately  equal 
to  the  area  of  the  glass  plus  one  quarter  the  area  of  the  exposed 
wall  surface,  which  we  will  in  this  place  denominate  as  the 
equivalent  glass  surface.  One  pound  of  good  anthracite  coal 
will  give  off  about  13,000  heat-units  in  combustion.  One 
pound  of  soft  or  bituminous  coal  will  give  off  in  combustion 
from  10,000  to  15,000  heat-units,  depending  on  the  kind  and 
quality.  Of  this  amount  a  good  furnace  should  utilize  70  per 
cent.*     The  amount  of  coal  which  is  burned  per  square  foot 

*  It  is  quite  probable  that  the  efficiency  of  combustion  in  an  ordinary  fur- 
nace is  much  less  than  the  above,  often  as  low  as  50  percent. 
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of  grate  surface  per  hour  will  depend  very  much  upon  the 
character  of  attendance;  in  ordinary  furnaces  used  in  housL- 
heating,  and  where  it  is  expected  to  replenisl)  tlie  fires  only 
two  or  three  times  per  day,  this  amount  is  low.  being  not 
greatly  in  excess  of  3  pounds.  If  the  air  is  120  degrees  in 
temperature,  nearly  60  cubic  feet  will  be  required,  when  heated 
one  degree,  to  absorb  one  heat-unit  (see  Table  X),  and  if  such 
air  is  delivered  50  degrees  above  that  of  the  air  in  the  room, 
each  cubic  foot  will  bring  in  }  of  one  heat-unit. 

The  velocity  of  air  in  feet  per  minute  with  ample  allowance 
for  friction  is  given  in  a  table  on  page  114,  from  which  it  is 

»9een  that  it  will  be  safe  to  astsume  velocities  of  4,  5,  and  6  feet 
ifespectively,  per  second  in  the  flues  or  stacks  leading  to  the 
various  floors.  The  velocity  of  the  air  passing  the  register 
may  be  assumed  as  3  feet  per  second  in  every  case;  this 
lower  velocity  is  obtained  by  making  the  area  of  the  register 
somewhat  larger  than  that  of  the  pipe  leading  to  it. 

»The  following  maihematical  discussion  gives  these  various  consid- 
erations in  general  and  algebraic  lerms,  as  follows  ; 
Let /•*=  square  feet  in  grate.  t"=  weight  of  coal  burned  per  square 
foot  ot  grate  per  fiour.  r  =  heat-units  per  pound  ol  coal.  E  =  efficiency 
o(  furnace,  h  =  heatunils  per  hour,   7"=  temperature  of  air  leaving  fur- 
nace, /'  =  temperature  outside  air.  I  =  temperature  of  room.  G  =  area 
of  glass  in  room.   W  =  area  of  exposed  wall  surface,  H  =  heiit   lost  by 
room   for  one  degree  difference  of  temperature.  A'=  cubic  feet  of  air 
heated  by  furnace  per  hour,  /C'  =  cubic  feet  air  required  to  warm  room. 
We  have,  as  explained, 
4  =  CFEr  =  total  heat  given  off  by  furnace,  equal  to  that  re- 
quired for  all  the  rooms (1) 

A'=  -= —  =  cubic  feet  of  air  heated  per  hour  by  furnace.    .    .    (2) 

V  =  (C-H »')(/  —  /')  =  total  heat-units  to  warm  the  room.  .  .  (3) 
A.  =  ^«^-^3«Ili:>=c.blcf.«ct.lr.o,™th.™™.      .    (4) 

For  ftverage  conditions  substitute  in  above,  as  explained,  T=  izo. 
btg^/'eo,  C=  .70,  r  =  13,000,  O-  =  9100,  and  we  have 

A  =  9100CF  =2K. (5) 

A-  =  4S5oC/-  =  o.sA (6) 

A"  =  84(f;-HH'>. (7) 

=  ^..     CF=e±lIL':„he™C=3,^=^±Ail'.      .    .    (8) 
54-:;                                  162.6 
A' =  7ovC -»- i  HO (9) 
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For  computing  areas  of  leader-pipes  and  stacks,  for  resi- 
dence heating,  assume  velocities  which  can  safely  be  taken  as 
follows:  First  floor,  4  feet  per  second  or  240  per  minute; 
second  floor,  5  feet  per  second  or  300  per  minute ;  third  floor, 
6  feet  per  second  or  360  per  minute.     (See  table,  page  115.) 

Through  a  cross-section  of  the  flue  equal  to  one  square 
inch  \QO  cubic  feet  will  pass  in  one  hour  when  the  velocity  is 
4  feet  per  second,  125  when  the  velocity  is  5  feet  per  second, 
150  when  the  velocity  is  6  feet  per  second,  251/  when  the 
velocity  in  feet  per  second  is  represented  by  v. 

Denote  area  of  flue  in  square  inches  by  L\  then  from  equa- 
tion (7) 

L^^'  ^  84(g  +  iy»^)  -  3>36(g  +  iW^)      ^    .,0) 
From  this,  by  transposition,  we  have 

(c+iir)  =  |^''.  .....  (II) 

If  for  first-floor  rooms  z/  =  4. 

G  +  iW=  i.igL. 
If  for  second-floor  rooms  z/  =  5. 

If  for  third-floor  rooms  v  =  6, 

G  +  iW=i.7SL. 

(Also  see  table  on  page  53.) 

The  following  table  gives  the  relative  values  of  these  vari- 
ous quantities,  computed  for  the  conditions  as  explained : 
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*  This  quanlitjr  is  defined  pa.ge  314. 
f  For  pilch  d(  one  inch  per  foot.     Use  larger  pipe  for  less  piich- 
I      KoTB. — The  proportions  in  the  above  Lable  agree  very  well  wlTh  those  given 
\^  Ihc  Excelsior  Steel  Furnace  Co.  for  the  tondilion  of  changing  the  air  in  each 
room  (out  times  per  hour,  which  can  be  taken  as  representing  the  average 
amount  required  to  bring  in  Ihc  heat. 

The  gcaie  surface  is  computed  for  combustion  of  3  pounds  per  square  foot 
th  an  efficiency  of  70  per  cent,  or  a  greater  amount  at  less  efficiency. 
The  healing  surface  given  in  above  table  is  tnuch  larger  than  ordinarily  found 
furnaces,  but  not  too  large  lot  best  results. 

142.  Air-supply  for  the  Furnace. — The  air-supply  for  the 
furnace  is  usually  obtained  by  the  construction  of  a  passage- 
way or  duct  of  wood,  metal,  or  masonry  leading  from  a  point 
beneath  the  furnace  casing  or  near  its  bottom  to  the  outside 


[ 


essentially  as  shown  in  section  Fig.  20S.     This  duct  or  pipe 
ually  termed  the  eold-air  box  and  is  often  constructed  of 
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wood.  In  all  cases  there  should  be  a  screen  over  the  outer 
end  to  keep  out  vegetable  matter  or  vermin,  and  doors  should 
be  arranged  so  that  it  can  be  cleaned  periodically.  A  damper 
is  usually  desirable,  arranged  so  that  it  can  be  partly  or  entirely 
opened  to  regulate  the  admission  of  the  cold  air.  The  cold- 
air  box  should  be  made  perfectly  tight  and  in  a  workmanlike 
manner,  so  that  air  cannot  escape  into  or  be  drawn  from  the 
cellar  or  basement.  This  should  join  onto  the  furnace  casing 
at  as  low  a  point  as  the  character  of  the  cellar  bottom  will  per- 
mit. In  some  instances  it  is  desirable  to  erect  two  cold-air 
boxes,  opening  to  the  air  on  opposite  sides  of  the  house,  so 
that  the  supply  may  be  drawn  from  either  direction  as  re- 
quired to  obtain  the  help  of  wind-pressure,  to  aid  in  the  cir- 
culation of  the  air  over  the  furnace. 

The  cross-sectional  area  of  the  cold-air  box  is  proportioned, 
by  different  authorities,  from  66  to  lOO  per  cent  of  the  sum,  of 
the  areas  of  all  pipes  taken  from  the  furnace.  If  this  were 
proportioned  so  that  its  area  should  be  in  ratio  to  the  re- 
spective volume  of  cold  and  heated  air,  the  sectional  area  of  the 
cold-air  box  should  be  about  80  per  cent,  of  the  sum  of  the 
areas  of  the  various  stacks.  To  avoid  frictional  resistances  it 
would  seem  to  be  advisable  when  practicable  to  make  its  area 
equal  to  that  of  the  sum  of  the  areas  of  the  stacks. 

143.  Pipes  for  Heated  Air. — The  pipes  for  heated  air  are 
of  two  classes :  first,  those  which  are  nearly  horizontal  and  are 
taken  from  near  the  top  of  the  furnace  casing — these  are 
usually  round  and  made  of  a  single  thickness  of  bright  tin. 
and  if  possible  erected  with  an  ascending  pitch  of  one  inch  to 
one  foot,  and  are  termed  leader-pipes ;  second,  rectangular  verti- 
cal pipes  or  risers,  termed  stacks,  made  in  such  dimensions  as  will 
fit  in  the  partitions  of  a  building  and  to  which  the  leader-pipe 
connects.  The  bottom  of  the  stack  is  enlarged  into  a  chamber 
termed  a  boot,  which  is  made  in  various  forms  and  provided 
with  a  round  collar  for  connection  to  the  leader-pipe.  The  top 
part  of  the  stack  may  be  provided  with  a  similar  boot  from 
which  horizontal  rectangular  stacks  are  taken,  or  it  may  be 
connected  to  a  rectangular  chamber  into  which  the  register 
may  be  fitted  and  which  is  known  as  the  register  box.  The 
stacks  usually  pass  up  or  near  the    woodwork  of   partitions, 
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and  for  lessening  the  fire  risk  asweil  as  preventing  loss  of  heat 
should  be  made  with  double  walls  separated  by  an  intervening 
air-space.  The  register  boxes  should  also  in  every  case  have 
ilouble  walls.  The  general  form  of  a  slack  in  position  in  a 
partition,  with  boot  attached  at  bottom  for  leader-pipe  and  with 
round  connection  for  register  box,  is  shown 
?      in  Fig.  209. 

The  leader-pipes  and  stacks,  boots,  and 
!  register  boxes  are  now  a  standard  article 
\  of  manufacture  by  several  firms.  I  am 
:  indebted  to  the  Excelsior  Steel  Furnace 
(  Company  of  Chicago  for  the  table  of 
:  capacity  and  dimensions  of  various  forms 
n^u     "      °'  stacks  and   leader-pipes,  given  on  page 

W    j  ■;    'I    320- 

1  It   will    be    found    profitable   in    nearly 

;      every  case   to  wrap   the  leader-pipes  with 
'.      two  or  more  thicknesses  of  asbestos  paper 


PSr 


and  mineral  wool  in  order  to  prevent  loss  of  heat.  It  is 
desirable  to  locate  the  stacks  in  the  inside  partition-walls 
if  the  building,  or  where  they  will  be  protected  as  much 
possible  from  loss  of  heat,  since  any  loss  affects  the  rapidity 
circulation.  It  is  generally  necessary  to  have  the  leader- 
pipe-i  not  over  15  feet  in  length,  otherwise  the  circulation 
will  be  uncertain  in  amount  and  character. 
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144.  The  Areas  of  Registers  or  Openings  into  Various 
Rooms, — Registers  are  made  regularly  in  various  forms,  square 
or  ro«nd,  and  arranged  for  use  either  in  the  floor  or  side  waits 


H  space  taken  by  the  screen  and  valves  is  usually  about  \  of  thai 

H  of  the  register,  so  that  the  efTective  or  net  area  is  about  j 
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the  nominal  size  of  opening.  These  registers  may  be  ob- 
tained finished  in  blacl<  or  white  japan,  or  electroplated  with 
nickel,  brass,  bronze,  or  copper.  The  table  on  page  322  gives 
the  various  sizes  of  registers  which  arc  regularly  on  the  market, 
[  their  effective  area  in  square  inches,  and  diameters  of  round 
pipe  having  the  same  capacity. 

The  areas  of  stacks  may  be  considerably  less  than  those 
[  of  the  registers,  since  it  ia  generally  required  that  the  velocity 
of  air  entering  the  room  shall  not  exceed  3  or  4  feet  per 
second,  while  tliat  passing  through  pipes  and  stacks  may  liave 
the  highest  velocity  possible,  which  for  the  different  floors  will 
^^  not  differ  greatly  from  4  to  6  feet  per  second,  as  already  ex- 
^K  plained.  For  methods  of  proportioning  ventilating  flues  see 
^1  page  233. 

^^ 

Considerable  difference  of  opinion  exists  as  to  the  relative 

merit  of  floor  and  wall  registers  for  heating  purposes.     It  is 

the  common   practice  to  use  floor  registers  for  most  rooms  on 

I  the  first  floor,  and  wall  registers  for  rooms  on  the  second  and 

higher  floors.     The  floor  register,  from  its  general  form  and 

.  position,  can  be  supplied  with  hot  air  somewhat  more   readily 

I  than   the  wall  register,  and  (or  that  reason  may  induce  some- 

'  what  stronger  circulation,  but  it  is  a  receptacle  for  dust  and 

sweepings  of  the  room  and  in  a  position  lo  materially  interfere 

with  the  carpets.     It  will  be  found  that  the  experiments  made 

I  ty  Briggs  (see   page  57)    as  to  diffusion  of  air  hold   in  the 

I  case  of   furnace  heating  the   same  as  in   that   of  any  other 


I 
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system.  From  these  experiments  it  would  seem  that  the 
highest  efficiency  would  be  attained  when  the  inlet  for  the 
heated  air  was  at  the  side  near  the  top  of  the  room  and  the 
outlet  for  ventilation  near  the  floor.  This  distribution  is  one 
that,  so  far  as  the  writer  knows,  has  never  been  practised  in 
furnace  heating  of  residences,  although  it  is  the  commonly 
accepted  method  in  school-house  heating,  whether  with  a 
furnace  or  an  indirect  system  of  steam  or  hot-water  heating. 

TABLE  OF  REGISTERS. 


Size  of 

Effective 

Diameter 

Size  of 

BflectiTe 

Diameter 

Openini)^. 
Inches. 

Area.  Square 

Round  Pipe. 

Opening. 
Inches. 

Area.  Square 

Round  Pipe. 

Inches. 

Inches. 

Inches. 

Inches. 

4iX    6^ 

20 

5.1 

10  X  20 

132 

130 

4X8 

21 

5.2 

12  X  12 

96 

II. I 

4    X  lo 

26 

5.8 

12  X  14 

112 

II. 9 

4    X  13 

34 

6.6 

12  X  15 

120 

12.4 

4    X  15 

40 

7  2 

12  X   16 

128 

12.8 

4    X  i8 

48 

7.8 

12  X   17 

136 

13.2 

6X6 

24 

5.6 

12  X   18 

144 

135 

6X8 

32 

6.4 

12  X   19 

152 

13.9 

6X9 

36 

6.7 

12  X  20 

160 

14.3 

6    X  lo 

40 

7.2 

12  X  24 

192 

15.6 

6    X  14 

56 

8.5 

14  X  14 

130 

12.8 

6    X  i6 

64 

9.1 

14  X  16 

149 

14.8 

6    X  i8 

72 

9.6 

14  X  18 

168 

14.7 

6    X  24 

96 

II. I 

14  X  20 

186 

15.5 

7X7 

32 

;    6.4 

14  X  22 

205 

16.2 

7    X  lo 

52 

8.2 

15  X25 

250 

17.8 

8X8 

42 

7.4 

16  X  16 

170 

14.7 

8    X  lo 

53 

8.2 

16  X  20 

213 

16.5 

8     X  12 

64 

9.6 

16  X  24 

256 

18. 1 

8    X  15 

80 

10. 1 

18  X  24 

288 

19.2 

8    X  i8 

96 

II. 2 

20  X   20 

267 

18.5 

9X9 

54 

8.2 

20  X  24 

320 

20.2 

9    X  12 

72 

9.6 

20  X  26 

347 

21.0 

9    X  13 

78 

10. 0 

2!    X   29 

406 

22.7 

9     X  14 

84 

10.3 

24  X  24 

384 

22  I 

lo  X  lo 

66 

9.2 

24  X  32 

512 

25.5 

lO   X    12 

80 

9.1 

27  X  27 

486 

25.0 

lo  X  14 

93 

10.9 

27  X  38 

684 

29-5 

lo  X  i6 

107 

II. 7 

30  X  30 

600 

27.7 

lo  X  i8 

120 

12.4 

145.  Circulating  Systems  of  Hot  Air.— By  connecting  the 
cold-air  box  with  the  hall  floor  or  the  lower  portion  of  a  pas- 
sage communicating  with  all  rooms  of  the  building  and  clos- 
ing outside  connections  a  downward  current  of  air  will  pass 
from  the  rooms  to  the  furnace,  which,  being  warmer  than  the 
outside  air,  will  aid  materially  in  heating.     Such  a  connection 
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if  properly  made  and  used  with  judgment  may  be  of  great 

service  in   reducing  the   cost  of   operation  without   seriously 

affecting  the  ventilation.     Such  a  system  if  erected,  however, 

should  be  supplied  with  devices   to  prevent  overheating  and 

arranged  so  that  cold  air  can  be  drawn  from   outside  of  the 

uilding  whenever  desired.     There   is  so  much  danger  that 

iitilation  will  be  poor  with  this  system  that  it  is  not  rccom- 

icnded. 

146.  Combination  Heaters. — A  combination  heater  con* 
•isting  of  a  hot-air  furnace,  with  the  addition  of  a  boiler  for 
hot  water  or  steam,  is  meeting  with  somewhat  extensive  use 
and  has  been  described  on  page  2i8  so  far  as  relates  to  the 
construction  of  the  steam  and  hot-water  appliances.  In  case 
a  combination  heater  is  used  the  area  of  the  grate  and  heating 
surfaces  will  need  to  be  proportioned  for  both  systems.  A  com- 
bination heater  is  better  suited  to  large  buildings  tlian  a  hot-air 
furnace.  In  practice,  however  it  will  be  found,  difficult  to  so 
proportion  the  amount  of  heating  and  ra-iiating  surface,  as  to 
give  a  perfect  distribution  of  heat  in  rooms  some  of  which  are 
heated  with  hot  water  or  steam,  and  some  with  hot  air,  but 
this  d  ifficulty  will  no  doubt  be  largely  overcome  by  experience, 

147.  Heating  with  Stoves  and  Fireplaces. — The  manu- 
facture of  stoves  for  heating  purposes  is  a  very  great  industry 

the  United  States  and  they  are  extensively  used  in  the 
cheaper  classes  of  dwellings.  In  every  case  the  stove  is  located 
directly  in  the  room  to  be  heated  and  is  connected  with  a 
chimney  by  means  of  several  lengths  of  sheet-iron  pipe.  Stoves 
are  built  in  many  forms,  some  of  which  are  very  elaborate  and 
highly  ornamented,  and  in  many  cases  they  are  provided  with 
magazines  from  which  the  coal  feeds  itself  automatically  as  re- 
quired. The  heat,  given  off  fronn  a  stove,  is  generally  nearly 
all  utilized  in  warming,  perhaps  not  over  10  or  15  per  cent 
being  carried  off  by  the  chimney.  Stoves  do  not,  however, 
present  an  economical  mode  of  heating,  largely  because  the 
wastes  which  occur  from  the  operation  of  small  fires  are  very 
great  and  cannot  be  avoided.  It  is  doubtful  if  the  efficiency 
averages  much  above  25  per  cent.  In  addition,  the  stove 
occupies  useful  room,  is  the  source  of  very  much  dirt  and 
Iter,  and  requires  a  great  deal  of  attention. 
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Open  fireplaces  which  were  used  at  one  time  extensively 
are  very  wasteful,  as  little  more  than  the  direct  radiant  heat 
from  the  fire  is  absorbed  in  warming.  They  are  also  subject 
to  all  the  wastes  which  pertain  to  stoves,  and  their  probable 
efficiency  cannot  be  considered  as  over  15  or  20  per  cent. 
They  are,  however,  valuable  adjuncts  of  a  system  of  ventila- 
tion, since  large  quantities  of  air  are  drawn  from  the  room  and 
discharged  into  the  chimney.  In  the  use,  of  a  stove  called  a 
fireplace  heater,  the  heated  gases  from  an  open  fire  pass  through 
a  drum  or  radiating  surface  in  the  room  above,  and  the  heat 
which  otherwise  would  be  discharged  from  the  chimney  and 
wasted  is  partly  utilized  in  heating. 

148.  General  Directions  for  Operating  a  Furnace. — The 
general  directions  for  operating  a  furnace  so  far  as  regards  the 
care  of  the  fire  are  the  same  as  those  which  have  been  previ- 
ously given  for  the  operation  of  steam-heating  furnaces,  page 
199;  there  are,  however,  no  steam-gauges  or  safety  appliances 
needed.  In  regulating  the  temperature  of  the  house  the 
drafts  of  the  furnace  should  be  operated  rather  than  the  valves 
of  registers  leading  to  various  rooms.  In  some  instances  if  the 
circulation  is  strong  in  certain  directions  and  weak  in  others  so 
that  certain  rooms  cannot  be  heated,  it  may  be  a  good  plan  to 
shut  all  registers  except  the  one  to  the  room  where  heat  is 
required  until  circulation  is  established,  after  which  circulation 
will  usually  continue  without  further  attention.  In  the  opera- 
tion of  a  furnace  great  care  should  be  taken  that  the  metal 
never  becomes  red  hot  or  even  cherry-red.  If  it  will  not  warm 
the  building  without  being  excessively  hot,  the  furnace  is  too 
small,  or  else  has  too  little  radiating  surface  in  proportion  to 
the  fire-pot.  The  water-pan  should  be  kept  filled  with  water. 
Thermostats  arranged  to  open  or  close  the  drafts  when  desired 
are  in  use  in  many  systems  of  furnace  heating  with  success. 

For  protection  of  the  furnace  during  summer  months  some 
makers  recommend  that  the  fire-pot  be  filled  with  lime.  For 
burning  soft  coal,  furnaces  of  special  construction  only  should 
be  employed. 

149.  Practical  Arrangement  of  Furnaces. — Furnaces 
are  usually  arranged  in  an  approximately  central  position 
with  reference  to  the  rooms  to  be  heated,  although  the  loca- 
tion must  in  a  large  measure  depend  upon  the  position  of  the 
chimney.     The  cold-air  flue  or  box  is  arranged  as  convenient  and 
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>  as  to  enter  the  furnace  either  below  or  above  the  level  of 


[he  floor,  and  to  secure  best  results  this  box  should 


open  on 


vindward  side  of  the  house  so  that  the  fo 
may  be  utilized  as  far  as  possible  in  producing  circulation. 
In  localities  where  the  winds  oitt;n  vary  in  direction  it  is  ad- 
visable to  erect,  when  possible,  two  cold-air  Hues,  so  arranged 
that  the  one  which  produces  best  results  can  be  used  and  the 
ether  closed  off  by  a  damper. 

The  hot-air  pipes  are  almost  universally  taken  off  from  the 
©p  part  of  the  hot-air  chamber  and  at  the  same  level,  and 
erected  without  branches,  so  that  we  find  as  many  pipes  in 
use  as  there  are  rooms  to  be  heated. 

The  usual  arrangement  of  cold-  and  hot-air  piping  is  shown 

Etn  the  accompanying  Fig.  218.     In  this  particular  case   the 

Lcold-air   box  is  upon  the  floor,    the  furnace   has  a  portable 

fesetting,  and  the  hot-air  pipes  are  taken  from   the  top  of  the 

Kit-air  chamber.     In  a  few  instances  partitions  or  pipes  in  the 
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t-air  chamber  are  arranged  so  that  a  definite  area  of  the 
furnace  surface  is  used  to  warm  the  air  for  each  hot-air  pipe, 
it  being  expected  to  produce  by  such  a  construction  a  more 
positive  flow  of  air  to  the  remote  rooms.  It  is  doubtful, 
however,  if  the  heating  is  more  reliable  than  that  which  can 
be  obtained  with  good  proportions  of  parts  when  arranged  in 
the  usual  manner. 

In  the  opinion  of  the  author  the  hot  air  could  be  distri- 
{Uted  with  much  less  friction  were  a  system  of  main  pipes 


3-0  HEATING  AND    i-ENTILATING   BUILDINGS. 

and  branches  employed  as  suggested  iu  the  diagram  Fig.  219, 
which  is  taken  from  a  magazine  article  published  about  ten  years 
ago.     If  the  friction  in  the  distributing-pipes  could  be  entirely 


Fig.  «i;9.^-P£iN   and    Elevation    av    Furnace  with  Main    Pipe  and 
Branches, 

eliminated,  the  trouble  which  is  now  experienced  in  securing 
the  circulation  of  hot  air  to  remote  rooms  would  cease  almost 
entirely.    Incidentally,  this  system  of  piping  has  the  advantage 


of  taking  less  room  in  the  cellar  and  is  doubtless  cheaper  to 
construct.  The  figure  shows  the  pipe-line  extending  only  in 
one  direction,  but  it  is  evident  it  could  be  equally  as  well  ex- 
tended in  two  directions.     In  proportioning  such  a  pipe-line, 
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first  find  the  area  of  branches,  then  of  submain,  and  lastly  of 
the  main. 

The  hot-air  furnace  is  rarely  used  for  ventilation  purposes 
during  that  portion  of  the  year  when  little  or  no  heat  is  re 
quired.  It  is  possible,  however,  to  arrange  the  furnace  so  a 
to  deliver  a  constant  volume  of  air  during  the  entire  period  of 
its  use.  as  suggested  in  the  sketch  Fig,  320.  In  this  case  a 
by-pass  pipe  connects  the  cold-air  box  with  each  hot-air 
pipe;  at  the  point  of  junction,  as  at  ^,  a  damper  is  placed. 


-:j3 


^j- 


^H  which  is  so  constructed  that  as  one  pipe  is  closed  the  other 
^V  will  be  opened  an  equal  amount,  thus  delivering  a  constant 
volunne  of  air  into  the  room,  wliich  may  thus  be  had  hot  or 
cold  or  at  any  desired  temperature,  as  required  by  the  occu- 
pants. 

IVenl  pipes  having  80  per  cent  of  the  area  of  the  hot-air 
pipe,  and  provided  with  registers,  should  be  built  in  the  par- 


^^^^'-■'-■j^ 


•>  Wall-registers. 
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titions,  and  should  connect  each  room  at  a  point  near  the 
floor  with  the  attic  or  outside' air,  in  order  to  permit  the 
escape  of  a  volume  of  air  equal  to  that  brought  in  by  the 
furnace  with  as  little  resistance  as  possible. 

Approved  methods  of  setting  floor-  and  wall-registers  arc 
shown  in  detail  in  Fig.  221,  the  same  letters  being  used 
as  far  as  possible  to  denote  the  same  object  in  each 
view.  The  end  of  the  vertical  pipe  above  the  wall- register 
should  be  curved  so  as  to  direct  the  entering  air  through  the 
register. 

150.  Rules  for  Furnace  Heating. — From  the  formulas 
given  the  following  rules  can  be  deduced,  it  being  understood 
that  the  equivalent  glass  surface  is  equal  to  the  area  of  win- 
dows and  doors  plus  one  fourth  that  of  the  exposed  wall 
expressed  in  square  feet : 

First,  To  find  area  of  grate  in  square  inches;  Divide 
equivalent  glass  surface  in  square  feet  by  1.25  or  multiply 
by  0.8. 

Second.  To  find  area  of  flue  for  any  room  in  square 
inches:  Divide  equivalent  glass  surface  in  square  feet  by 
1.2  for  first  floor,  by  i.j  for  second  floor,  by  1,8  for  third  floor. 

Third,    Make  area  of  vent- flues  0.8  of  hot-air  flues. 

Fourth.  Make  area  of  cold-air  box  0.8  of  given  areas  of 
hot-air  flues. 

Fifth,  Take  area  of  chimney-smoke  flue  in  square  inches 
as  one  twelfth  that  of  the  grate,  with  one  inch  added  to  each 
dimension. 

The  Metal  Worker  of  New  York  has  recently  collected 
the  data  tabulated  on  pages  328  and  329,  giving  the  propor- 
tions of  furnace  systems  in  successful  use,  which  compare 
fairly  well  with  the  results  of  the  computations  already  given. 

151.  Abstract,  for  Furnace  Specifications. — The  fol- 
lowing suggestions  are  given  for  the  purpose  of  falling 
attention  to  points  of  construction,  which  should  be  fully 
considered  in  the  complete  specifications  furnished  a  con- 
tractdr : 

The  location  of  furnace,  hot-  and  cold-air  pipes,  vent-pipes, 
smoke-pipe,  and  registers  should  be  shown  on  accompanying 
drawings. 
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W  'X\\c  furnace  should  be  gas  tight  and  built  of  cast  iron  (or 
Bsteel)  in  such  manner  as  to  be  free  from  expansion  strains 
■^nd  from  danger  of  warping  or  cracking  in  use.  Grate  should 
B>e  of  shaking  pattern,  containing  50  per  cent  air-space  and 
ftdapted  to  burn  the  coal  needed.  It  should  contain  — 
Kquare  inches  of  area.  The  heating  surface  should  be  of  form 
■pest  adapted  to  transmit  heat  to  the  surrounding  air,  and 
Hshould  not  contain  less  than  —  square  feet.  Furnace  should 
Kbe  provided  with  all  necessary  fire  and  clean-out  doors,* 
HVapor-pan,  and  a  complete  set  of  fire-tooU.  Complete 
■drawings  and  specifications  should  be  submitted.  Draft 
Bor  fire-doors  should  be  arranged  to  be  operated  from 
■above. 

\  The  furnace  may  be  cither  brick-set  or  portable-set  as  de- 
sired. If  brick-set,  the  wall  should  be  well  laid,  of  good, 
hard  merchantable  brick,  in  such  manner  as  to  leave  an  air- 
space between  the  inner  and  outer  walls.  If  portable-set,  the 
casing  outside  the  air-chamber  should  be  made  of  two  thick- 
nesses of  No.  24  galvanized  iron.  \  inch  apart,  and  with  the 
space  between  filled  with  asbestos.  The  casing  should  in  all 
nrents  be  provided  with  doors  for  cleaning  out  dust  from  the 
lur-pipes  and  the  air-chamber,  also  with  collars  for  the  hot- 
■air  pipes. 

The  smoke-pipe  should  be  of  size  noted  in  specifications, 
tend  should  be  provided  with  check-draft  for  admitting  air 
■'into  the  flue,  which  can  be  operated  from  the  rooms  above  if 
I  desired. 

The  hot-air  pipe  should  be  made  of  IX  bright  tin-plate, 
band  should  be  covered  with  two  thicknesses  of  asbestos  paper 
J  reduce  radiation.  The  hot-air  pipes  in  the  partitions  should 
'  made  double,  with  ^-inch  air-space.  In  case  this  cannot 
be  done  the  pipe  should  be  covered  with  asbestos  paper.  All 
hot-air  pipes  should  be  at  least  one  inch  from  -woodwork,  and 
if  the  pipes  are  not  double  the  woodwork  should  be  pro- 
tected by  a  covering  of  asbestos  paper  firmly  secured  in 
place.  Hot-air  pipes  passing  through  wooden  partitions 
should  be  guarded  by  a  double  collar  of  metal  giving  at  least 
^Ijoches  of  air-space.  Disc  dampers  should  be  located  in  all 
t>air  pipes  excepting  one. 
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The  cold-air  box  should  be  made  of  masonry  or  of  matched 
wood  lined  with  tin  or  zinc,  and  provided  with  regulating- 
damper,  and  with  a  screen  for  removing  dust ;  also  with  doors 
for  cleaning. 

Hot-air  pipes  for  wall-registers  should  have  rounded  end 
above  register-box. 

Registers  to  be  of  sizes  shown  on  plans  and  finished  as 
required.  The  register-boxes  to  be  of  shape  shown  in  draw- 
ings and  to  be  finished  in  the  best  manner. 

Automatic  draft-regulators  of  good  quality,  operated  by 
change  of  temperature,  are  always  desirable. 


CHAPTER    XIII. 


MECHANICAL  VENTILATORS. 


CoDditions. — Attention  has  been  called  to 
'ill  not  flow  unless  a  difference  of  head  tends 
to  urge  the  particles  from  a  higher  to  a  lower  region  of  pres- 
sure. This  difference  of  head  may  be  produced,  as  already 
shown,  by  heat  or  by  mechanical  action,  and  in  every  case 
produces  a  velocity  which,  if  friction  and  other  resistances  be 
neglected,  may  be  expressed  by  the  formula  v  =:  ^2gh.  in 
which  h  is  the  difference  of  head  in  feet  of  air  and  is  equivalent 
to  the  difference  of  pressure.  If  the  resultant  pressure  is  less 
than  that  of  the  surrounding  atmosphere,  a  partial  vacuum  is 
formed  and  the  flow  is  said  to  be  caused  by  suction;  if,  on  the 
other  hand,  the  pressure  is  greater, 
a  plenum  is  formed  and  the  flow 
is  said  to  be  due  to  pressure.  In 
the  case  of  a  heated  chimney  or 
flue  the  pressure  is  less  than 
-■tmospheric  and  the  flow  of  air  is 
caused  principally  by  suction,  as 
would  also  be  the  case  with  an 
exhaust-fan;  with  a  blowing-fan, 
however,  the  flow  would  be  princi- 
pally caused  by  increase  of  pres- 

The   principal   machines  used  Fio.  b»s.— whekl  for  Cektrif- 
for  moving  air  for  ventilating  pur-  "'^*''  ^"'"*''=''- 

poses,  either  by  pressure  or  suction,  are  the  centrifugal  fans  or 
blowers,  the  positive-volume  blowers  rf  the  piston  or  rotary 
.^pe,  and   the  jet-pumps  from  which   qlre  discharged   jets  of 


■^type.  and  t 
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steam  or  compressed  air.  The  requirements  for  good  vend 
tion  demand  that  large  volumes  of  air  must  be  moved  an 
comparatively  low  velocity  and  pressure,  which  is  not  a  faw 
able  condition  for  high  efficiency,  and  can  in  general  be  better 
satisfied  by  the  centrifugal  fan  or  blower  than  by  any  other 
machine ;  it  may  also  be  stated  that  the  fan  is  comparatively 
cheap  to  install,  is  simple  in  construction,  and  possesses  a  fair 
efficiency. 

155.  CentrifuKat  Ventilators. — The  machine  of  this  .-ypc 
is  ordinarily  called  a  fan  or  blower.  It  consists  in  general  of 
a  wheel  provided  with  several  blades  or  vanes  approximately 
radial  and  either  plain  or  curved;  this  wheel  is  set  in  a  casing 
or  housing  arranged  to  prevent  the  return  of  the  air  from  the 
delivery  side  to  the  suction  side  and  direct  it  to  the  point 
desired,  and  is  constructed  so  that  it  may  be  rotated  by  some 
^^^^^^^         external    motivej  force.      The   type  of 

^B^^^^^^^^  wheel,  with  journal-boxes  and  belt- 
^^hH^^HB^m  wheel  for  driving,  principally  used  for 
^HH^^^H^P^I  ventilating  buildings  is  shown  in  Fig. 
^^^^QHa^^^l  223,  as  it  appears  when  removed  from 
^^\  ^3og^^^^m    '^^   casing.     In   this  particular  type  of 

^^HH^^^^V     wheel  the  blades  are  radial  and  plane 

^^^^^^^^        nearest  the  centre,  but  are  curved  back- 

FiR.  fli3.— Whml  for     ward  and  narrowed  at  the  outer  circum- 

Vent(latino-fan.  fcrence.     The  proportions  of  the  wheel 

are  varied  to  suit  different  conditions,  but  do  not  usually  differ 

materially  from  those  which  Mr.   W.  IJuck'le  *  found  to  give 

the  best  results  and  which  arc  given  in  the  following  table.     In 

addition   are  given   the   proportions   in  ordinary  use  in 

of  the  diameter  of  the  wheel ,  D. 


rrapordiTiii.  Comi 

Diameter  of  Un<whccl D  D 

••  inlel  (single) 0.5S  0.6  lo  o.jO 

(double) 0.4  ■■  o.3i3 

Width  of  wheel  at  outer  circumference    o.asZ)  0.3D 

inl«                *                   o.sD  <..4<oo.si? 

Length  of  bUde  rBdially o.as/J  o.a  too-jj} 
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The  air  enters  the  fan-wheel  through  the  opening  in  tlie 
iny  adjacent  to  and  surrounding  the  axis;  it  is  then  thrown 
lUtward  and  compressed  by  the  centrifugal  force  produced  by 
the  rapidly  rtvolving  blades;  this  causes  a  difference  of  pres- 
sure between  the  centre  and  circumference  of  the  wheel,  which 
in  turn  produces  a  continuous  (low  of  air  from  the  centre  out- 
'ard.     if  the  chamber  leading  to  the  inlet  is  restricted  and  the 
lelivery  opening  unrestricted,  the  pressure  at  the  centre  may 
less  than  that  of  the  atmosphere,  in  which  case  the  fan  is 
lid   to    act   by    suction    or    as    an    exhaust  fan ;    if  the    outlet 
,ss^e  in  the  casing  is  restricted,  more  or  less  pressure  will 
be  produced,  in  which  case  the  fan  will  be  considered  to  act  as 
a  pressure  fan.     It  should  be  noted  that  the  blades  or  vanes  in 
the  wheels  of  the  centrifugal  blowers  vary  greatly  in  shape  as 
made   for  different   purposes  and   by  different  designers,  and 
lat,  although  the  centrifugal  fan  has  been  used  practically  for 
lore  than  two  centuries,  engineers  are  as  yet  not  in  agreement 
as  to  the  best  proportions  and  best  forms  of  the  working  parts, 
A  number  of  examples  of  different  design  will  be  shown  later 
in  the  chapter. 


Fig.  124. — Casino  ron  Venti; 


The  casing  or  framework  surrounding  the  fan-wheel  should 
B  constructed  so  as  to  first  permit  or  direct  the  flow  of  air  to  the 
mtre  of  the  fan-wheel,  and  second  to  receive  the  discharge  of 
^e  fan  and  direct  it  as  desired ;  from  which  it  is  evident  that  the 

1  of  the  casing  may  be  varied  greatly  to  suit  different  con- 
itions.     The  forms  of  casing  usual  in  centrifugal  ventilators 
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for  buildings  are  those  with  plain  sides,  having  a  periphery  or 
scroll  which  is  spiral  in  form  and  which  contains  considerable 
room  or  clearance  in  excess  of  that  required  for  the  fan-wheel. 
The  clearance  space  in  the  casing  is  essential  for  noiseless 
operation  and  efficient  results,  as  will  appear  later.  The  fol- 
lowing clearances  or  distances  between  wheel  and  casing, 
expressed  in  proportional  parts  of  the  diameter  of  the  fan- 
wheel,  Z>,  are  common  in  the  best  practice  of  fan  construction: 

Least  radial  distance  from  wheel  to  casing.  .  o.o%D  to  o.  i6Z?. 
Maximum  radial  **  **  **  **  **  ..  0.50/)  to  i.ooZ?. 
Least  side  **        **         **      **      **       ..   0.05     to  o.o8Z>. 

The  inlet  opening,  G,  Fig.  224,  to  the  fan-casing  is  usually 
circular  in  form,  concentric  with  the  axis  of  the  fan-wheel, 
located  in  either  or  both  sides  of  the  casing  as  circumstances 
may  permit,  and  with  dimensions  as  given  in  a  preceding  table. 

The  outlet  or  discharge  opening  in  the  fan-casing  often 
extends  for  exhaust-fans  completely  around  the  periphery,  but 
in  case  of  pressure-fans  delivering  into  conduits  or  pipes  the 
periphery  is  closed  except  at  the  opening  for  discharge,  which 
should  be  constructed  so  as  to  permit  delivery  with  the  least 
possible  shock.  As  will  be*  shown  later,  the  exhaust-fan  is 
more  efficient  when  discharging  into  an  expanding  conduit  or 
chimney  of  proper  shape  than  when  delivering  freely  into  the 
air. 

The  ordinary  forms  of  casing  differ  from  each  other  prin- 
cipally in  the  position  of  the  discharge  opening,  as  shown  in 
Figs.  225  to  227;  thus  in  Fig.  225  the  discharge  is  horizontal 
and  at  the  bottom,  in  Fig.  226  it  is  horizontal  and  at  the  top, 
and  in  Fig.  227  it  is  vertical  and  at  the  top.  The  casings  are 
made  with  discharge  at  any  angle  or  position  desired,  and 
single  or  double  as  required.  The  inlet  opening,  which  is  not 
shown  in  the  figures  referred  to,  is  usually  located  in  the  side 
of  the  casing  opposite  the  motor  or  driving-wheel  and  is  always 
concentric  with  the  axis  of  the  wheel. 

The  centrifugal  fan  may  be  driven  by  any  convenient  type 
of  motor,  and  several  types  are  suggested  in  the  various  figures 
referred  to;  thus  in  Fig.  223  is  shown  a  fan-wheel  adapted  for 
a  belt;  in  Figs.  225  and  227  arc  shown  fans  driven  by  direct 
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»nnection  to  a  sicain-cngine;  while  in   Fig.  226  is  shown  a 

1  driven  by  direct  connection  to  an  electric  motor. 

The  Guibal  chimney  or  discharge-tube,  invented  about  fifty 

.rs  ago  by  M.  Guibal,  is  extensively  used  in  connection  with 

5  for  mine  ventilation,  and  would  doubtless  prove  equally 

leltcial  for  ventilating  work;  it  is  in  effect  a  continuation  of 

3ie  casing  at  the  point  of  delivery,  so  as  to  form  a  trumpet- 

ihaped  or  expanding  tube  through  which  the  air  is  discharged 

llrithout  shock  and  with  a  gradual  reduction  of  velocity.      It 


tot 


been  found  that  an  expanding  discharge-tube  with  gradual 
curves  in  the  general  form  of  the  i-ena  conlracta  adds  greatly 
to  the  efficiency,  for  the  reason  that  the  reaction  due  to  shock 
at  delivery  is  largely  overcome,  and  the  full  momentum  is 
utilized  in  moving  the  air. 

The  Guibal  fan  as  used  in  connection  with  the  chimney  is 
constructed  in  a  variety  of  ways;  it  is  generally  of  large 
diameter,  carrying  six  to  twelve  vanes,  which  are  sometimes 
plane  and  sometimes  curved,  but  are  usually  curved  so  as  to 
meet  and  guide  the  current  of  incoming  air  at  the  inlet  end, 
and  are  straight  and  radial  at  the  outer  extremity,  of  a  form 
similar  to  that  shown  in  Fig.  Z28,  in  which  the  blades  have 
that  shape  which  gives  the  highest  efficiency  by  Murgue's 
theory. 

The  Guibal  fan  is  constructed  in  such  a  variety  of  forms  by 
different  designers,  the  only  essential  characteristic  being  the 
expanding  chimney,  that  no  special  description  is  possible.  A 
fan-wheel  of  this  type  having  a  diameter  of  5.8  metres,  as  used 
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for  ventilating  a  mine  in  England,  is  shown  in  Fig.  229;  in 
this  case  the  blades  are  not  curved  near  the  inlet  as  required 
by  the  theory  of  Murgue  for  highest  efficiency. 


Ftg.  sag. — The  Guibal  Fan 


A  modified  form  of  the  Guibal  chimney  and  fan,  combined 
with  a  spiral  .scroll  having  considerable  clearance,  is  shown  in 
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Figs.  230  and  231.  as  designed  by  Professor  Scr  of  Paris.  It 
uonsists  of  a  circular  plate  fixed  on  a  shaft  and  carrying  011 
each  side  thirty-two  curved  vanes,  each  of  which  is  a  portion 
of  a  cylindrical  surface  whose  generatrices  are  parallel  to  the 
shaft  and  whose  transverse  section  is  circular;  the  width  of  the 
vanes  is  constant,  and  they  arc  so  arranged  that  inflow  takes 


tne 
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place  without  shock  and  that  the  air  is  discharged  from  the 
in  the  direction  of  45"  with  the  tangent  to  the  outer  j^riphery. 
The  air  enters  the  fan  on  both  sides,  and  after  passing  through 

t  enters  a  volute  which  conducts  it  to  an  expanding  chimney, 
which  it  escapes  into  the  atmosphere.  The  volute  is  so 
Resigned  that  there  is  as  little  loss  of  energy  as  possible  at 
entry  from  the  fan  and  while  passing  through  it;  the  sides  of 
the  chimney  are  inclined  at  not  more  than  i  to  8  in  order  to 
avoid  the  loss  due  to  the  sudden  enlargement  of  passage. 

The  Capell  fan,  which  at  one  time  had  an  excellent  repu- 
pktion  in  Europe  for  mine  ventilation,  is  shown  in   Fig.  232. 

\  is  formed  of  two  fans,  one  outside  the   other,   having  the 
mc  axis  and  revolving  at  the  same  angular  velocity.     The 

[St  consists  of  a  drum  of  steel  plate  which  may  be  open  on 

mc  or  both  sides  to  receive  the  air  at  the  centre,  the  opening 
being  equal  to  its  inner  diameter.  The  cylindrical  surface  of 
the  inner  drum  contains  six  openings,  in  general  rectangular. 

t spaced   at  equal   intervals,   whose  area  is  less  than   the 
drical  surface  of  the  drum  and  equal  to  that  of  the  open- 


i 
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ing.  On  the  inner  side  of  the  drum  and  ending  at  one  of  the 
sides  of  the  openings  arc  arranged  six  vanes  of  steel  plates 
curved  in  a  direction  opposite  to  that  of  the  rotation.  The 
second  wheel  is  larger  than  the  first  and  is  completely  closed 


Fio.  933.— The  Capell  Fan. 

at  the  sides  by  steel  plates,  between  which  are  arranged  six 
curved  vanes  as  shown  in  the  figure.  The  fan  is  surrounded 
with  a  spiral  casing  and  connects  with  a  rapidly  expanding 
chimney. 

The  fan  shown  in  Fig.  233  has  vanes  tangent  at  the  inlet 


Fio.  333,— The  Rankine  Fan. 
and  radial  at  the  discharge,  being  so  arranged  as  to  meet  the  air 
with  least  resistance  at  the  inflow  and  direct  it  into  the  fan  with 
the  least  possible  shock;  they  then  curve  backwards,  but  eiid 
in  a  radial  direction  at  the  outer  periphery,  so  as  to  give  least 
loss  at  discharge,    being  of  a  form   suggested   by  Professor 
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Rankine  in  1857  as  likely  to  give  tlie  highest  efficiency.      In 
Jiis  fan  a  spiral  casing  is  employed  instead  of  a  chimney. 

1  addition  to  the  fans  shown  numerous  forms  have  been 
designed  which  have  not  proved  to  be  of  great  practical  Im- 
lortance  and  which,  (or  want  of  space,  cannot  be  considered 
n  detail. 
A  form  of  centrifugal  fan  or  blower,  shown  mounted  in  a 
wick  casing  in  Fig.  234,  is  often  used 
where  the  conditions  a_re  not  favor- 
able for  the  form  shown  in  Fig.  222. 
is  known  as  the  (cnc  blower, 
for  the  rea.son  that  a  cone-shnp' ■ 
guide  is  used  to  direct  the  entun 
air  from  the  centre  toward  the  ■. ;  > 
cumference.  In  construction  it  c  in- 
sists of  a  plate  mounted  on  a  sliixft 
to  which  are  connected  the  cone 
guides  and  the  various  vanes  required 
to  give  the  centrifugal  motion  to  Fio.  834.— The  Cone  Fas-  ok 
j^the  air;  its  principle  of  operation  is  lower. 

^H^enticatly   the   same   as    that   of  other  forms    of  centrifugal 
^Blowers. 

]M^      156.  Propeller  or  Disc  Fans. — The  name  is  applied  to  a 

'     class  of  fans  which  move  the  air   forward  by  impact  as  well  as 

by  centrifugal  force.      In  general   these  fans  are  mounted  in  a 

^lindrical  casing  and  have  a  number  of  vanes  or  blades  which 

Ire  arranged  with  a  diminishing   pitch  from  the  centre  to  the 

Srcumference  somewhat  similar  to  the  blades  of  a  propeller. 

liree  forms  arc  shown,  one  with   plane  blades,  Fig.  235,  one 

fSrith  curved  blades  driven  by  a  motor.  Fig.  236,  and  one  with 

Btelix-shaped  or  screw  blades.  Fig.  337,  into  which  the  air  is 

[uided  by  hxed  vanes. 

The  fans  in  this  class  are  useful  for  moving  large  volumes 

f  air  with  comparatively  low  pressures  and  velocities.     They 

"are  as  a  rule  not  adapted  for  use  where  there  is  any  great 

resistance  to  be  overcome. 

I  157-  Volume  or  Positive  Blowers. — This  name  is  appli- 

J^Bible  to  that  class  of  blowers  which  deliver  a  fixed  volume  of 

^Br  at  each  revolution  and  which  are  positive  in  their  action 
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and  prevent  the  return  of  compressed  air,  not  by  uniform  action 
of  centrifugal  force,  but  by  use  of  valves  or  by  contact  of  the 


Flo.  336.  — Pbopelier  Fa; 


rotating  parts.      A  f^reat  variety  of  blowers  have   been  con- 
structed that  could  be  put  in  the  above  classification,  but  the 


Fig,  138, — Section 


Root  Positivb  Bloweb. 


only  ones  at  present  in  extensive  use  are  piston  blowers  a 
two  forms    of  rotary  blowers    shown  in  Figs.  338  and   2; 
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Blowers  in  this  class  are  well  adapted  to  move  small  volumes 
of  air  at  high  pressures  and  are  extensively  used  for  blast- 
furnaces and  simitar  work.  They  arc  not  well  adapted  for 
ventilators  or  for  any  other  purposes  requiring  large  quantities 
of  air  at  comparatively  low  pressures. 


Fig.  239-— Section  of  the  Connkssville  Positive  Blower. 

158.  The  Theoretical  Work  of  Moving  Air. — The  work 
I  performed  by  the  fan  is  made  up  of  the  resistance  due  to 
[  moving  and  compressing  a  definite  amount  of  air,  and  can 
dways  be  considered  as  equivalent  to  moving  a  given  weight 
I  of  air  through  a  height  or  head  which  is  equivalent  to  the  sum 
I  of  the  velocity  and  pressure  heads  expressed  in  feet  of  air  at 
J.  the  density  corresponding  to  the  air  after  being  compressed. 
I  These  results,  neglecting  all  resistances,  can  be  expressed  in 
rthe  shape  of  formulas,  as  follows: 

Thus  let   Q  equal  the  volume  of  the  air  at  almoaphefic  pressure.  Q' 

I  its  volume  at  delivery  pressure,  <- the  weiglit  per  cubic  fool  at  atmospheric 

I  pressure,  ^  the  weight  ai  delivery  pressure.   W  weight  of  air  delivered 

second,  </ density  at  atmospheric  pressure,  and  d'  at  ihe  delivery 

pressure,  v  the  velocity  of  the  air  in  feet  per  second.  M  the  velocity  of 

the  periphery  of  the  fan.  m  and  r  cocfficienis,  f  area  of  cross-section  at 

point  of  nieasiiremeni  of  velocity,  A  the  sum  of  pressure-head  and  velocity 

head  as  measured  aithe  same  point  expressed  in  feecof  air  at  atmospheric 

pressure,  h'  the  same  quantity  expressed  in  feet  of  air  at  delivery  pressure. 

_         P  the  same  quantity  expressed  in  ounces  per  square  inch,  it/ work  m  fool- 


a^-.F-Q- 
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and 

^'  =  rz/« (3) 

^=2'^  =  27,^7  =  2^. (4) 

J|/=  work  =  Wh*  =  Whj.  =  Qchj,  =  Qch'  =  mrcv*  =  ^.        (5) 

From  equations  (2),  (3),  and  (5)  it  is  noted  that,  first,  the 
volume  of  air  delivered  varies  with  the  speed  of  the  fan ;  second, 
that  the  difference  of  pressure  varies  with  the  square  of  the 
speed  of  the  fan ;  and  third,  the  work  done  varies  with  the  cube 
of  the  speed  of  the  fan. 

Table  No.  XXIV  in  Appendix,  which  is  computed  from 
equation  (6),  gives  the  theoretical  power  required  to  move  a 
given  volume  of  air,  expressed  in  cubic  feet  per  minute,  at  any 
desired  velocity,  expressed  in  feet  per  second,  when  the  air  is 
at  a  temperature  of  70°  F.  When  at  any  other  temperature, 
/,  the  results  must  be  multiplied  by  the  ratio  of  the  densities 
as  given  in  Table  No.  X,  or  as  expressed  by  the  formula 

460  +  70  _      530 
460  -f  /    "~  460  -f-  /* 

The  efficiency  of  a  fan  is  the  ratio  of  that  theoretically 
necessary  for  moving  a  given  volume  of  air  to  the  actual  work 
required;  that  is,  the 

_  .  theoretical  work 

efficiency  = ^--r-  — -. . 

actual  work 

If  the  efficiency  of  a  fan  or  blower  is  known,  the  actual  work 
can  be  obtained  by  dividing  the  theoretical  work,  as  given 
in  the  table,  by  the  efficiency. 

The  efficiency  of  fans  or  blowers  will  usually  be  found 
greater  as  the  head  increases  up  to  the  equivalent  of  one  ounce 
per  square  inch,  and  will  vary  within  the  limits  of  15  and  40 
per  cent,  averaging  under  usual  conditions  of  ventilating  work- 
not  far  from  30  per  cent.  As  an  example,  find  the  actual 
horse-power  required  to  drive  a  fan  delivering  10,000  cubic 
feet  of  air  per  minute  at  a  velocity  of  50  feet  per  second  when 
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the  efficiency  of  the  fan  is  25  per  cent,  The  theoretical  work- 
is  4.42  horse-power  as  given  by  Table  No.  XXIV ;  the  actual 

^^'ill  be  for  the  case  considered  4.42  divided  by  0.25,  which  is 

^wual  to  17,6s. 

^H     159.  Work   of  Moving  Air    through''  Pipes. — To  the 

^^work  needed  for  moving  the  required  volume  of  air  at  the 
desired  .velocity  must   be  added    that  which   is   necessary  to 

.  overcome  the  resistance  in  the  fan  and  in  the  various  pipes  or 
As  already  explained,  the  loss  of  head  due  to  friction  in 
icircular  pipe  can  be  expressed  by  the  formula 


\  which  h  =  loss  of  head  in  feet  of  air,  d  =  diameter  in  feet. 
:  length  in  feet,  v  =  velocity  in  feet  per  second. 
Let  fi  =  loss  of  head  expressed  in  ounces  per  square  inch; 
I  diameter  in  inches;  2g^  =  64.32;  4S  =  0.025.     Wehave 
/i  =  115^  at  50°  F.; 


k^ 


(2573  X  115), 


24646*/'   ~  25000(/' 


nearly, 


phich  is  the  formula  representing  the  loss  of  pressure  in  a  pipe 
f  galvanized  iron,  carefully  made  and  erected,  with  all  internal 
laps  extending  in  the  direction  of  the  air  movement,  assumed 
in  the  work  on  "  Mechanical  Draft  "  published  by  the  B.  F. 
_Sturtevant  Co.,  Bo.ston, 

The  work  done  in  overcoming  friction,  expressed  in  foot- 
lounds  per  second,  is  equivalent  to  the  resistance,  expressed  in 
tpunds,  multiplied  by  the  space  passed  tlirough  in  one  second  of 
\{  F  denote  the  area  of  cross-section ,  p  the  resistance  per 
Fp 
buare  inch  in  ounces,  then  will  ->-  equal  the  total  resistance 

L  pounds;  if  (■  denote  the  velocity  in  feet  per  second,   it  will 
lal  space  passed  through  in  one  second.     Hence  the  work 
Fpv 
done  in  one  second  will  equal  —f-',  this  result  divided  by  550 

will  equal  the  horse-power,  P\ 


11      "'"  ^H"-'  •■' 


Fpv 
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From  these  two  formulas  can  be  calculated  the  drop  or  loss  in 
pressure  in  ounces  in  a  given  pipe-line,  and  also  the  horse- 
power required  to  overcome  the  resistance  of  moving  air  at  the 
given  velocity  through  the  given  pipe. 

Table  No.  XXIII  in  the  Appendix  gives  such  values  for 
the  principal  pipe  sizes  and  for  a  length  of  pipe  equal  to  lOO 
feet.  For  any  other  length  multiply  the  results  in  the  table 
by  -^^  the  square  root  of  the  given  length  in  feet,  for  the  reason 
that  the  work  required  varies  as  the  square  root  of  the  length. 

Dimensions  of  Pipe-lines  for  Air. — Formulas  for  comput- 
ing the  flow  of  air  through  a  pipe  under  various  conditions 
have  been  fully  discussed.  For  practical  use  Table  No.  XX V 
in  Appendix  has  been  computed,  which  gives  the  diameter  of 
circular  pipe,  also  the  corresponding  side  of  a  square  pipe,  for  a 
given  discharge  in  cubic  feet  per  minute  and  a  given  length, 
with  a  drop  in  pressure  equal  to  an  inch  of  water-column  (o.  58 
ounces  per  square  inch)  and  a  temperature  of  100°  F.  The 
relation  of  the  discharge  to  the  diameter  of  a  circular  pipe  is  also 
shown  in  the  diagram  Fig.  240,  in  which  the  ordinates  give 
the  diameter  of  pipe  corresponding  to  a  given  discharge  repre- 
sented as  abscissa;  the  varying  lengths  of  pipe-lines  being 
distinguished  by  different  lines.  The  scale  on  the  lefl  corre- 
sponds to  the  lines  inclined  upward  to  the  right  and  to  the 
upper  scale  at  the  bottom,  that  on  the  right  to  the  lines  inclined 
upward  to  the  left  and  to  the  lower  scale  at  the  bottom. 
To  use  the  diagram,  suppose  it  be  required  to  find  the  diameter 
of  a  circular  pipe  whose  length  is  500  feet  and  whose  capacity 
must  be  20, GOG  cubic  feet  of  air  per  minute;  find  intersection 
of  vertical  line  from  20,000  with  upper  line  marked  500,  thence 
horizontally  to  the  scale  at  the  left,  which  is  intersected  at  a 
point  corresponding  to  the  required  diameter,  which  by  inter- 
polation is  found  to  be  38.5  inches.  If  the  capacity  is  to  be 
90,000  cubic  feet  per  minute  and  length  100  feet,  find  the 
intersection  of  vertical  from  90,000  with  lower  line  marked 
100,  and  read  diameter  on  right,  which  will  be  found  to  be  52 
inches. 

The  flow  of  air  through  other  than  circular  pipes  has  not 
been  discussed  in  this  work;  it  is  known,  however,  that  for 
any  pipe  the  resistance  to  the  flow  varies  as  the  mean  hydraulic 
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radius,  a  quantitj'  equal  in  every  case  to  the  area  of  cross-s* 
tion  divided  by  the  perimeter  which  is  subjected  to  rriction; 


L  for  oth 

H  Fr. 


circular  pipe  this  becomes  one-fourth  part  of  the  diameter, 
other  cases  it  must  be  computed. 
From  this  relation  we  have  constructed  a  diagram  c 


am  or  charti^H 
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know 

Kmei 
pe 


Fig.  241 ,  which  enables  a  designer  to  select  a  rectangular  pipe 
having  dimensions  which  givo  a   carrying  capacity  equal  to  a 
_kno\vn  circular  pipe,  it  being  supposed  that  one  of  the  required 
IS  of  the  rectangular  pipe  is  known. 
In  the  diagram  I'ig.  241  the  diameter  of  the  known  circular 
Mpe  is  given  as  ordinate,   corresponding  to  the  scale  at  the 
left;  one  of  the  dimensions  of  the  equivalent  rectangular  pipe 
IS  given  as  abscissa,  the  otlier  is  denoted  by  a  scries  of  lines 
^^corresponding   to   the    scale  at  the  right.       Thus  to  find    a 
^kectangular  pipe  with  the  same  carrying  capacity  as  a  30-inch 
^^prcular  pipe,  one  dimension  of  which  shall  be  40  inches,  wc 
^Hnd  the  intersection  of  the  horizontal  line  from  30  on  the  scale 
^Bt  the  left  with  the  line  marked  40  on  the  scale  at  the  right ;  the 
^Hesult  read  on  the  bottom  scale  is   19,  which  indicates  that  a 
rectangular  pipe  with  dimensions  of  19  by  40  inches  is  equiva- 
lent in  capacity  to  a  circular  pipe  with  a  diameter  of  30  inches. 
i6a  Murgue's  Theory  of  the  Centrifugal  Ventilator.— 
The  first  satisfactory  theory  of  the  centrifugal  ventilator  was 
published  by  Daniel  Murgue.  engineer  to  the  Colliery  Com- 
pany of  Besseges  in  1872.     This  theory  is  given  here  in  full, 
as  it  is  believed  to  be  of  essentia!  importance. 

Murgue  assumes,  first,  that  all  the  air  delivered  to  a  fan 
flows  through  an  orifice  in  a  thin  plate  with  a  velocity  due  to 
the  difllerence  of  pressure  or  actual  head,  k,  produced  by  the 
operation  of  the  fan;  this  he  terms  the  equivalent  orifitf  and 
denotes  its  area  by  a;  second,  that  all  the  air  flows  through  a 
^^milar  orifice,  which  he  calls  the  orifice  0/  passage .  with  a 
jelocity  due  to  the  head  representing  the  resistance  or  loss  of 
ad,  Afl,  tile  area  of  which  he  represents  bye.  He  proves 
tat  the  theoretical  depression  or  reading  of  a  water-gauge  due 
>  the  speed  of  the  periphery.  «,  is  in  a  perfect  fan  equivalent 
I  twice  the  height  of  column  necessary  to  generate  such 
riocity  in  a  falling  body,  that  is.  if  u  equal  the  velocity  in 
:  per  second  and  //  the  maxinnum  difference  of  pressure  or 

lUittl  depression  produced,  //=  — . 

The  mathematical  demonstration  given  by  Murgtie  is  as  follows:  Let 
C  equal  volume  of  air  delivered  per  second.  H,  the  difference  ol  pressure 
produced  by  the  fan  or  blower  when  completely  ciosea,  which  is  termed 
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the  initial  depression,  h%  the  loss  in  pressure  through  the  fan,  and  h  the 
effective  or  actual  difference  of  pressure.    Then  we  shall  have 

h^  H  -  k (I) 

If  the  flow  through  an  orifice  be  taken  as  0.65  of  that  due  to  the  product 
of  velocity  and  area  which  is  practically  true  in  a  round  orifice,  we  shall 
have 

Q  =  0.65^^^^ (2) 

Q  =  0.65^1/2^^.. (3) 

By  division  we  have 

r  ~  >• 

Substitute  the  value  of  ^«  in  equation  (i)  and  reduce,  we  have 
This  value  substituted  in  equation  (2)  gives 


e=°^5K£s^ ,^, 


V-*i 


From  the  latter  formula  it  is  noted  that  the  initial  depression  H'isb. 
function  of  the  square  of  the  volume  delivered.  The  area  of  the 
equivalent  orifice  a  is  supposed  to  be  known  and  depends  upon  the 
resistance  to  the  passage  of  the  air  on  the  suction  side  of  an  exhaust 
fan  and  on  the  delivery  side  of  a  pressure  fan  ;  the  equivalent  orifice  of 
passage  o  depends  upon  the  internal  resistance,  and  hence  on  the  dimen- 
sions and  arrangement  of  the  ventilator 

In  the  determination  of  the  initial  depression  the  ideal  ventilator  only 
is  considered  in  which  there  is  no  loss  by  friction  or  shock.  Two  cases 
are  considered  :  first,  when  the  suction  wheel  or  exhaust  fan  is  revolving 
without  a  casing,  and,  second,  when  the  wheel  is  provided  with  the  Gui- 
bal  casmg  and  chimney.  Denote  the  radius  of  the  inlet  by  r;  tliat  of 
the  external  circumference  by  A*:  tne  angular  speed  of  rotation  in  feet 
per  second  by  a? ;  the  absolute  speed  of  the  extremities  of  the  vanes  by 
«/v';  the  tangential  speed  by  u. 

Supposing  that  the  air  before  entering  the  fan  is  motionless  and  tha^ 
it  traverses  the  inlet  with  the  speed  of  v^ ,  we  should  then  have  a  nega- 
tive head  corresponding  to  the  pressure 


^o' 


(6) 
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The  interval  between  two  consecutive  vanes  forms  an  ivasie  canal 
which  the  air  enters  with  a  certain  speed,  z/i,  and  leaves  with  a  less  speed, 
v-i.  This  slowing  action  produces,  according  to  Bernouille's  theory,  a  gain 
of  pressure  expressed  by  the  difference 

The  speed  of  entry  v\  is  the  resultant  of  two  speeds:  the  one,  v%,  being 
radial,  the  other,  tor,  being  tangential,  and  if  there  is  no  shock  or  loss. 

Substituting  this  value  of  V\  in  the  preceding  equation  we  have 

^Wj^^^jul 

Supposing  a  prismatic  element  of  the  air  passing  through  the  fan  at 

a  distance  x  from  the  centre,  having  a  radial  height  dx  and  a  base  5  in  a 

perpendicular  direction,  and  a  density  ^,  we  shall  have  for  the  mass  of 

this  element 

6Sdx 

-r <9> 

The  centrifugal  force  developed  by  its  rotation 

,^      6Sdx    , 
dF— oo^x (lo) 

By  dividing  the  above  by  ^5,  we  have  the  pressure  expressed  per  unit 
of  area  in  the  column  of  air  as  follows  : 

oal^xdx 

dh=: (II) 

Integrating  this  last  between  the  limits  x  =  r  and  x  =  R,  we  shall 
have  a  total  difference  of  pressure  from  the  inlet  to  the  outside  of  the 
vanes 

h  = (12) 

Adding  the  results  in  equations  (6),  (7),  (8),  and  (12)  together  and  sub- 
stituting u  =  GoR,  we  have  the  initial  depression, 

H  =: (13) 

The  above  formula  is  general  and  gives  the  pressure  pro- 
duced by  the  fan  regardless  of  the  shape  of  the  blades  and  the 
inclination  which  they  may  have.      It  is  to  be  noted  that  as 
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the  velocity  v^  of  escape  from  the  fan  is  greater,  the  pressure 
produced  is  less,  and  that  consequently  this  ventilator,  although 
receiving  the  air  without  shock,  would  discharge  it  with  con- 
siderable velocity,  and  consequently  would  not  utilize  to  the 
best  advantage  the  force  supplied. 

Combes  sought  to  remedy  this  defect  by  making  the  vane 
tangential  to  the  exterior  circumference  and  so  as  to  meet  it  at 
an  angle  of  zero,  which  arrangement  was  not,  however,  prac- 
tically successful,  as  his  resultant  efficiency  did  not  exceed  29 
per  cent.  The  Guibal  chimney  gradually  reduces  the  speed, 
and  this  produces  a  considerable  amount  of  pressure  which  is 
added  to  that  produced  by  the  centrifugal  force,  and  this 
increases  in  a  marked  manner  the  power  of  the  machine. 

The  effect  of  the  chimney  is  explained  by  the  theory  of  Bernouilli 
thus:  If  t/'  is  the  speed  of  the  air  at  the  bottom  of  the  Guibal  chimney, 
and  w  is  the  speed  at  the  top,  the  increase  in  pressure  would  be 

(14) 

The  speed  1/  is  that  of  the  air  on  leaving  the  vanes,  and  it  is  thus  the 
resultant  of  the  tangential  speed  »,  and  of  the  delivery  v%.  These  last 
two  quantities  form  a  parallelogram  of  velocities  from  which  if  a  be  the 
angle  at  which  the  vanes  strike  the  exterior  circumference, 

z/'  =  «•  +  vt   —  zuv%  cos  a (15) 

Substituting  this  value  of  z/*  in  equation  (14)  we  have  the  total  pres- 
sure produced  by  the.  chimney.  Adding  this  result  to  equation  (13), 
which  gave  the  pressure  due  to  the  fan  alone,  we  have  the  total  depres* 
sion  produced  by  the  fan  and  chimney  as  follows: 

-^i  =  ~r ~ rr (^6) 

g        g        ^ 

This  equation  is  a  maximum  when  a  is  90  degrees  and  cos  a  zero, 
from  which  it  appears  that  the  highest  theoretical  efficiency  should  be 
produced  when  the  tips  of  the  blades  are  radial.  If  a  =r  90  degrees  we 
have 

Hx^ — .      .......    (17) 

Since  w  equals  velocity  of  discharge  of  the  chimney,  if  the  construc- 
tion can  be  such  as  to  make  w  zero,  we  shall  have  for  the  total  depres- 
sion 

^•  =  7^ ^'« 
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or,  in  other  words,  the  theoretical  depression  may  be  double  the  head 
equivalent  to  the  tangential  speed. 

In  practice  the  theoretical  results  cannot  be  obtained  and  the  actual 
depression  produced  is  less  than  the  theoretical  by  an  amount  which  will 
be  represented  by  a  coefficient,  K, 

Substituting  this  coefficient  in  equations  (4)  and  (5)  we  have  the  follow- 
ing for  the  effective  or  actual  depression  : 

and  the  volume  delivered  per  second. 


Q  __  o.65a«  i^2K 


(20) 


The  formula  as  given  above  applies  equally  well  to  blowing- 
fans  and  exhaust-fans,  it  being  only  necessary  to  replace  the 
word  depression  of  water-gauge  used  with  exhaust-fans  for 
elevation  if  used  with  pressure-fans. 

Since  u  =  wR,  the  two  preceding  formulas  immediately 
show,  first,  that  the  volume  delivered  varies  with  the  speed  of 
rotation ;  second,  tlie  depression  varies  as  the  square  of  the 
speed. 

By  combining  equations  (19)  and  (20)  so  as  to  eliminate  a,  we  obtain 
the  equation 

h^K'^'-=^ (21) 

S       o.65V2^ 

Substituting  H  for  the  initial  depression,  A"—,  and  il/ for  the  constant 

I 

factor  ====Ti — ,  we  have 
0.65  O^Tg 

h^  H  --  MQ" (22) 

The  motive  power  required  to  drive  a  ventilator  with  vanes  having 
the  shape  shown  to  give  the  highest  efficiency  is  expressed  by  the 
formula 

r«  =  /^.2«+  7> (23) 

in  which  Ho  is  the  theoretical  depression,  Qo  the  corresponding  volume, 
and  Tp  the  work  to  overcome  the  passive  resistance. 
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As  the  difference  of  pressure  increases  with  the  square  of 
the  speed  of  rotation,  and  the  volume  with  the  speed  of  rotation, 
it  follows  that  the  work  required  varies  with  tfie  cube  of  the 
number  of  turns. 

A  summary  of  the  discussion  of  Murgue's  demonstration 
proves  that  the  maximum  depression  or  difference  of  pressure  is 


if 

"'  =  !■ 


(18) 


The  actual  or  effective  difTerence  of  pressure  is 


h  = 


(■  +  ?)• 


(19) 


or 


h^H^MQ, (22) 

and  the  volume  of  air  delivered  is 


Q  = 


o.6$auV2/C 

7^' 


(20) 


All  of  which  propositions  have  been  amply  demonstrated  as 
practically  true. 

Murgue's  theory  shows  the  relation  that  exists  between  the 
difference  of  pressure,  the  volume  discharged,  and  the  area  of 
equivalent  orifice  in  such  a  manner  that  if  any  two  of  these 
quantities  are  given  the  others  can  be  computed.  It  also 
enables  us  to  represent  the  manometric  power  of  a  fan  by  the 
simple  equation  //  =  //'—  Jl/Q^,  (22),  by  means  of  which  fans 
of  various  forms  and  sizes  can  be  readily  compared.  As  illus- 
trating the  application  of  Murgue's  theory,  a  table  is  given 
showing  the  observed  and  calculated  depression  caused  in  a 
mine  at  Besseges  by  a  Guibal  ventilator: 


Equivalent 
Number.             Orifice, 

Square  Feet. 

1 

1 

speed  of 
Rotation. 

Volume 
per  SecoDd, 
Cubic  Feet. 

Observed 

Depression, 

Inches. 

Calculated 

Depression, 

Inches. 

I 
2 

3 

4 

5 

3.921 

7.455 
20.714 

25.521 

29.343 

76.39 
1 1 

t< 

<« 

187.32 

364.79 

951.05 

III4.00 

1225.15 

I. 1795 
1.2779 

1.0665 

0.9827 

0.8996 

1.3042 
1.2763 
I. 0681 
0.9764 
0.9059 
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The  results  of  the  tests  indicate  that  the  difference  ofpres- 
re  of  this  fan  can  be  expressed  as  lollows: 

/i  =  1.3,137  in,  —  o.oooooo27C^-. 

The  objections  to  Murgue's  theory  when  applied  to  ventilat- 

ing-fans  is  the  practical  difficulty  arising  from  the  fact  that  the 

equivalent  orifice  does  not  correspond  to  any  dimension  of  tfie 

fan,  and,  further,  that  this   theory  does   not   readily  produce 

practical  methods  for  determining  the  capacity  and  efficiency 

L  of  any  fan,  although  the  general  results  as  to  the  best  shape  of 

I  vanes  hold  true  in  every  case. 

It  is  quite  certain  that  the  casing  surrounding  the  fan  may 

made  of  such  shape  that  it  will  perform  to  a  great  extent 

same   function   as  the   Guibal    chimney  by   affording  an 

opportunity   for   the    gradual   transformation    of  velocity  into 

ressure  without  sensible  loss  of  energy  in  shock.     This  result 

1  accomplished  by  constructing  the  outer  periphery  of  the 

ising  of  a  spiral  form  and  at  a  distance  from  the  circumference 

fcf  the  fan-wheel,  which,  under  usual  conditions,  is  made  to  vary 

[from  one  half  the  radius  of  the  fan-wheel  to  the  full  radius  of 

at  the  point  of  discharge.     The  casing  should  be 

Konnectcd  to  the  discharge-pipe  with  a  smooth  curve,  so  as  to 

Wesent  the  least  possible  opportunity  for  loss  of  energy.     The 

Eclearance-chamber  between  the  casing  and  the  wheel  should 

pbe  of  such  form  as  to  receive  and  transmit  the  air  without  shock, 

■and  should  have  maximum  volume  at  the  point  of  discharge. 

The   table  on  page    356   gives   the   tlieoretical   maximum 
Bifference   of  pressure   which    may  be   produced   by  different 
Fclocities  of  periphery  in  feet  per  second,  corresponding  to  // 
1  Murgue's  theory. 

Professor  Rateau  has  modified  the  Murgue  theory  by 
nibstituting  Q/  Vgh  for  the  value  of  the  equivalent  orifice 
■G/'^S  ^'-S^'''  this  being  done  in  order  to  simplify  the  inter- 
DOediate  computations,  the  results  except  for  the  value  of  the 
Ificicnts  being  otiierwise  the  same.  Rateau  also  used  a 
"  reduced  orifice  "  ((i)  as  equal  to  tlie  equivalent  orifice  divided 
f  the  square  of  the  external  radius,  /■.  of  the  fan  inlet;  that 


''VfA 


i  the  term  ■'manometric   power,' 
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MAXIMUM    PRESSURE   DUE   TO   SPEED   OF   FAN. 


Speed  of 

Difference 

Speed  of 

Difference 

Speed  of 

Difference 

Periphery 
of  Fan, 

of  Pressure, 

Periphery 

of  Prebsure. 

Periphery 
of  Fan. 

of  Pressure, 

Inches  of 

of  Fan. 

Inches  of 

Inches  of 

Ft.  per  Sec. 

Water. 

Ft.  per  Sec. 

Water. 

Ft.  per  Sec. 

Water. 

49.21 

1.08 

77.10 

2.66 

98.75 

4.36 

50.19 

I    13 

78.41 

2.f5 

100.08 

4.48 

52.82 

1.25 

80.05 

2.87 

IOI.71 

4-63 

5512 

1.36 

82.02 

3.00 

103.02 

4-75 

58.07 

1.51 

83.01 

3.08 

104.33 

4.87 

60.04 

1. 61 

85.30 

3.26 

105.30 

5.05 

62.67 

1.76 

86.62 

3.36 

107.28 

5-15 

64.96 

1.89 

88.58 

3.51 

108.27 

5.24 

66.93 

2.00 

90.55 

3.66 

109.58 

5-37 

70.21 

2.20 

91.86 

3-77 

110.89 

550 

72.50 

2.35 

94.49 

3.99 

112.53 

5.63 

74.80 

2.50 

96.13 

4.13 

"3-85 

5.7t) 

75-79 

2.57 

97-77 

4.27 

114.50 

5.87 

as  equal  to  gh/u^,  in  which  //  is  the  peripheral  velocity  of  the 
fan.  In  accordance  with  Rateau*s  notation  a  fan  may  be 
represented  by  an  equation  of  the  following  form,  where  Sy  /, 
and  u  are  constants  depending  upon  the  construction 

I  so  ^ 

In  a  series  of  tests  made  by  Mr.  Brian  Donkin  the  follow* 
ing  values  of  these  constants  were  found : 


Number 
of  Fan. 

Value  of  Constants. 

s 

'     \     ' 

VIII           0.136 

VI      ,    0.192 

X  1     2.43 

XI  10.05 

14.18          1.690 
5.85        1.666 

13-55        1.755 
126.4          3.51 

The  characteristic  curve  of  the  Ratcau  fan,  Fig.  237,  is 
shown  in  Fig.  242.  which  gives  the  manometric  power  and 
various  efficiencies  for  a  series  of  reduced  orifices. 

161.  The  Author's  Fan  Theory. — Murgue's  theor>'  of  the 
fan,  while  evidently  satisfactory  for  mining  purposes,  is  not  well 


^H                                  MECMAXJCAL    VENTILATORS.                            357         ^H 

'      adapted   for  ventilating- fans,  for  the  reason    that  the  results        ^H 
depend  less  on  actual  dimensions  of  the  fan  than  on  area  and        ^H 
resistances  of  the  connecting  air-ducts;    that  part,   however,        ^H 
relating  to  the  shape  of  vanes  is  applicable  without  change  to       ^H 
fans  employed  for  every  service.      From  the  author's  theory       ^H 
practical  rules  are  deduced  for  the  delivery  of  the  fan  from  the       ^H 

I 

- 

/ 

L 

J 

f. 

' 

/ 

N 

'/> 

.L 

"E 

/ 

f 

r 

^ 

r 

y- 

\ 

\ 

/ 

■s/ 

/ 

\ 

'" 

/ 

I; 

\ 

f 

• 

X 

f/ 

/ 

/ 

y 

Fig.  a* 

limcnsions  of 
esistances  due 

For  conver 

External  r 
Internal  r 
External  d 
Internal  d 
Velocity  o 
Velocity  o 
Periphera 
Time  of  o 
Quantity  c 
Least  area 
Net  are^  o 

Width  of 

'  Ditto  at  i 
Ratio  of  V 
Ratio  of  V 
Actual  dif 

I.— Characteristic  Cvrves  of  Rateao 

the  fan-wheel    and    casing,  altho 
to  the  flow  of  air  through  a  pipe 

ience  denote  the  various  quantities 

adiua  ot  fan-wheel  =  M 
dius  of  fan-whee!   =  r. 
iameler  of  fan-wheel  =  D, 
jmeier  of  .'an  blades  =  ,/. 

discharged  air.  feet  per  second  =  v. 

external  air.  feet  per  second  =  V, 

velocity  of  fan-wheel  =  u. 
e  revolution  m  seconds  =  /. 
ischarged,  cubic  feet  per  second  =  Q. 
of  discharge-duct,  square  feel  =  F. 
i  inlet,  square  feel  =  F^. 
fan-wheel  at  outei  circumference  in  fe 
ner  circumfercice  =  ^. 
elocity  of  discharge  air  to  tip  of  fan-whe 
elocity  of  entering  air  to  discharge  air  = 
erence  of  pressure  in  feet  of  air  =  A 

ugh    external        ^^k 
are  not  con-        ^H 

as  follows:           H 
el                   ^^^^B 
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Maximum  difference  of  pressure  in  feet  of  air  =  H. 

Loss  of  head  in  fan  =  h%. 

Number  of  revolutions  of  fan  per  second  =  n. 

Ditto  per  minute  =  A^ 

Weight  of  air  moved  per  second  =  W, 

Weight  of  air  per  cubic  foot  =  c. 

From  the  above  symbols  the  following  relations  arc 
obtained : 

u  =  ZnRtty        ,  V  =  2neRn^ 

lV=cQ,  D=2R, 

v'  =  iv,  d  =  2r. 

To  prove  that  the  velocity  of  the  flow  of  air  varies  as  the 
velocity  of  the  tips  of  the  vanes,  note  that  a  particle  is  moved 
outward  between  two  vanes  by  the  centrifugal  force  produced 
by  the  rotation,  which  varies  as  the  velocity  generated  in  a 
unit  of  time.  Denote  the  time  of  revolution  by  /;  then  the 
centrifugal  force  of  a  particle,  dx^  of  the  fluid  at  the  distance, 
X,  from  the  centre  will  be 

2nx\^dx        AT^xdx 

-r)v  =  —Tr (0 

The  integral  of  this  quantity  is  the  centrifugal  motive  force  of 
the  column,  x,  and  equals 

-IT- (2) 

If  X  =  a,  the  full  length  of  the  column  between  the  vanes,  this 

becomes 

2n^a* 

-jr  > (3) 

which  IS  the  entire  centrifugal  motive  force  of  the  air  between 
the  vanes.  The  pressure  of  a  column  of  length  a  is  ga,  in 
which  ^  =  32.16  =  force  of  gravity,  from  which  it  would 
appear  that  the  length  of  a  column  of  air,  //,  whose  pressure  is 
equal  to  that  produced  by  the  centrifugal  force  would  be  the 
result  in  column  (3)  divided  by  {g^\  from  which 

27rV 
//  = ^ (4) 

This  would  produce  a  velocity,  provided  there  were  no  resist- 
ances, equal  to  that  acquired  by  falling  through  a  height  or 
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lead  equivalent  to  that  expressed  in  equation  (4). 
Hie  velocity  would  be 


,.=  Va^/,=y'2^--^=yi^=— .     .    (5) 

From  which  it  would  appear  that  the  theoretical  velocity  of 
Bie  issuing  air  would  vary  inversely  as  the  time  for  one  rcvoUi- 
Btion  or  directly  as  the  peripheral  velocity  of  the  tips  of  the  vanes. 
In  practice  the  velocity  of  the  discharge  of  air.  v,  will 
seldom  or  never  equal  that  of  the  tips  of  the  vanes,  n.  and  is 
usually  less,  but  under  certain  conditions  of  discharge  it  may 
exceed  the  value  of  11.      If  wc  denote  the  ratio  of  i'  to  ;/  by  i\ 

tthen  we  shall  have 
^■  =  '-" (6) 
Maximum  Pressure  Produced  by  a  Fan  or  Blower. — 
This  quantity  corresponds  to  the  initial  depression  in  Murgiic's 
tiieory  and  is  obtained  only  at  the  time  when  the  work 
imparted  to  the  fan  is  all  utilized  in  overcoming  resistances,  as. 
for  instance,  in  a  pressure  fan  when  the  discharge  opening  is 
entirely  closed.  For  this  case,  if  there  is  no  loss  of  energy 
_due  to  eddies  or  other  resistances,  we  shall  find,  .since  the  work 
lone  is  equal  to  the  weight  moved  or  the  pressure  H  overcome 
[)  one  second  multiplied  by  the  space,  that 


S 
But  iV=  QFii,  hence 

g 

mS  we  have  for  unity  of  volume   and   area,  since  Q  and  j^ 
Kh  =  I, 

"=", <« 

From  the  last  equation  it  is  noted  that  the  maximum  pres- 
ire  produced   may  be  equal  to  twice  that  due  to  the  head 
iducing  the  same  velocity  which  is  the  same  result  as  ob- 
bSned  by  Murgue. 
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In  general  the  increase  in  pressure  produced  li-ill  always 
be  less  than  the  theoretical,  if  we  denote  the  coeffidcnt  indi- 
cating this  ratio  by  A'.  Then  for  the  case  when  vclocit}-  of 
discharge  is  zero,  we  have 

*i    —  •     •       •       •       •       •       •       .(of 

g 

The  actual  increase  of  pressure  produced  will  be  lessened 
by  increasing  the  velocity  of  discharge,  as  indicated  by  the 
formula, 

,        AV        T^ 

g        g  ^ 

For  dimensions  of  outlet,  /%  less  than  or  equal  to  those  of 
the  inlet,  Z^^,  we  have  as  nearly  true 


■'  =  ^•""('  -  ?;)"■ 


Substituting  this  value  in  the  preceding  equation,  we  have  for 
the  resultant  pressure-head  in  feet  of  air 


,       AV  /         F\^ 


For  the  pressure  expressed  in  any  other  units  the  results 
must  be  divided  by  the  ratio  of  the  weight  of  the  unit  desired 
to  that  of  one  foot  of  air.  Call  this  ratio  6\  then  will  we  have 
for  maximum  pressure  in  the  desired  unit 

//=-■- (10) 

^g  ^    ^ 

The  table  on  page  361  gives  values  of  relative  density  6 
expressed  in  feet  and  inches  of  water,  the  barometer  being 
29.92  inches.  The  value  of  the  coefficient  A' will  depend  upon 
tlic  c<)nstruction  of  the  fan,  the  casing,  and  chimney;  but,  as 
shown  by  Murgue,  its  value  for  an  uncovered  exhaust  fan  can- 
not exceed  50  per  cent.  Its  vahie  varies  greatly  with  different 
fans  and  witli  the  area  of  discharge  opening;  it  was  found  by 
experiments  by  Buckle  to  have  an  average  value,  for  ventilating- 
fans,  of  0.617,  in  which  case  the  equation  (8)  becomes 

11  =  0.617'-- (8) 
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RELATIVE   WEIGHT   OF    WATER   AND   AIR, 


Im^heFo^uU. 

Fed  of  Air  Butiinccd  by  Waicr- 

c.'SSS. 

Wiier. 

Air. 

Sis^t. 

■  Kool. 

,I„ch. 

0 

6a.  4a 

0.0.S4 

7" -4 

60. a 

41 

S 

6a,  4a 

jaq 

1 

65. 8 

801 

15 

6a.  38 

0,0765 

8IS 

67.9 

0.075a 

69.. 

6a.  a6 

86 

30 

6a,  17 

0. 0733 

854 

71. a 

95 

35 

0,0717 

865 

7a.  a 

0.0704 

83(1 

43 

6i,8s 

0.0693 

8g4 

74- S 

SO 

bt.70 

□.1)681 

13" 

S5 

6.-54 

975 

81.3 

Considering  the  weight  of  one  cubic  foot  of  air  as  .08 
found,  the  following  equations  will  show  the  relation  of  the 
elocity  of  the  tips  of  the  blade  to  the  pressure  in  Buckle's 
vmula: 

When  p  =  pounds  per  square  inch,  «  =  310*'^. 
When  /,  =  ounces  per  square  inch,  «  =  Sof"/,. 
When  A|  =  inches  of  mercury.  u  =  220^ h^. 

When  Aj  =  inches  of  water,  u  =  6oV/i^. 

The  table  on  page  362  shows  the  relation  of  the  peripheral 
velocity  of  the  fan  to  the  pressure  produced,  computed  from  the 
formulas  as  given  above.  The  table  will  be  found  to  give  lower 
pres^^ures  than  the  maximum  actually  produced  with  most  fans 
when  the  outlet  is  closed,  hence  it  can  be  considered  a  safe  one  to 

PC.  It  is  to  be  noted  that  this  table  gives  the  pressures  only  when 
e  fan  is  operating  to  deliver  a  small  volume  of  air.  To  deter- 
ine  the  pressure  when  the  outlet  has  an  area  F  and  the  inlet  an 
e. 
1 


reaF,, 


lultiply  the  tabular  results  by  1.62/  '  —  t-  )  ■ 


The  effect  of  varying  the  area  of  discharge  outlet  is  shown 
in  the  diagram  Fig.  243,  which  shows  the  pressure  in  inches 
of  water  produced  by  a  speed  of  500  revolutions  per  minute  in 
three  different  fans,  each  having  a  fan-wlieel  4  feet  in  diameter 
and  an  inlet  22  inches  in  diameter.  In  one  case  the  blades 
were  radial,  in  anotlicr  case  bent  forward,  and  in  a  third  case 
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PRESSURE  CORRESPONDING   TO   VARIOUS   PERIPHERAL 
VELOCITIES  OF  FAN.     (Buckle's  Formula.) 

Allowance  made  for  Increased  Density  of  Air. 


Peripheral  Velocity. 

Pressure  Produced. 

Feet  per  Second. 

Feet  per  Minute. 

Ounces  per  Square 
Inch. 

Inches  of  Water. 

I 

60 

0.000156 

0.000269 

5 

300 

0.0039 

0.0068 

10 

600 

0.0156 

0.0269 

15 

900 

0.035 

0.061 

20 

1,200 

0.062 

0.107 

25 

1.500 

0  098 

0.167 

30 

1,800 

0.140 

o.aSi 

40 

2.400 

0.250 

0.430 

50 

3.000 

0.38 

0.65 

60 

3.600 

0.52 

0.89 

70 

4.200 

0.73 

1.26 

80 

4.800 

0.96 

1.65 

90 

5.400 

1. 21 

2.08 

100 

6,000 

1.49 

2.57 

lie 

6.600 

1.78 

3.07 

120 

7,200 

2. II 
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130 

7.800 

2.46 

424 

140 

8.400 

2.83 

4.87 

150 

9,000 

3.23 

5.57 

160 

9,600 

3.67 

6.32 

170 

10,200 

4.16 

7.14 

180 

10  800 

4.70 

8.09 

190 

11,400 

5.29 

9.15 

200 

12,000 

5-93 

10.20 

SIO 

12.600 

6.59      ^ 

11.34 

120 

13,200 

7.27 

12.51 

230 

13.800 

7-97 

13.78 

140 

14,400 

8.69 

14.97 

250 

15,000 

9.41 

16.19 

260 

15.600 

10.17 

17.49 

270 

16.200 

10.95 

18.84 

280 

17,000 

11.75 

20.25 

290 

17.600 

12.56 

21.61 

300 

18.000 

13-39 

23.04 

bent  backward.      It  will  be  noted  that  the  highest  readings 
obtained  when  the  outlet  was  closed  agreed  very  closely  with 

the  results  given  in  the  table  by  Murgue,  -//=  ---,  and  are 

considerably  greater  than  in  Ruckle's  table  given  above. 

The  Velocity  and  Volume. — The  velocity  of  air  in  feet  per 
second  discharged  from  fan  will  be.  in  accordance  with  the 
notation  used, 

If  z=i  ei4  ^=  2neRn  =  nDeriy 
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^Kld  that  entering 

^B                          f'  =  iv  ~ciu  =  2JtReiii  =  nDein.                 \\\) 

^1     The  cubic  feet  of  air  supplied  per  second  will  equal  cir- 

^Ba inferential  inlet  velocity  multiplied  by  area  of  cross-section 

^Hf  fan  Inside  of  the  vanes: 

^B              Q  =  v'b'nd  =  ivb'nd  =  eiitb'jtd  =  einDb'itdn 

^                                                     =[jefi){D,ib)n.                    (12) 

1 

P|^ 

1  1 

1 

a 

4. 

p» 

„ 

, 

1" 

" 

a 

» 

BEl 

IM 

IT 

^r 

s\ 

PH 

> 

im 

'ill 

S^ 

1" 

h^ 

S' 

l*f 

i" 

^ 

* 

15 

V 

^ 

E 

1 

the 
the 

» 

h 

^" 

V 
s 
n 
tw 

Js 
F 

s 

JSl 

ir 
re 

■ 

qu 
a 
ic 
ef 

4tl 

it 

^ 
as 

■ 

A      .8      a,  ij)     u    i.t     1^     1-8    s.a    2J     s.t     B^    2-a     a 
Fig.  343— Relation  op  Prbssurs  to  Area  ov  Outlet. 
rk  Required  to  Run  a  Fan.— The  work  is  equal  to 
are  of  the  velocity  as  expressed  in  (11)   muUipIied  by 
ss  moved,  which  in  turn  is  equal  to  the  weight  divided 
e  the  force  of  gravity  {tg)-      That  is, 
ul  work  in  foot- )  _      ,^,.^        W          cQv'       cQ,^„' 
.nds  per  second  t  ^=  4-^^'   =  27^  ^  V  =  "  2^   ■ 
iiting  in  above  Q  =  eiub'wd, 

T="'/-l,-'<.- (.3) 

uting  in  above  u  =  nDn.  we  have 

T^'^bdH't'H' (14) 

vhich  it  would  appear  iliat  Ihe  work  to  drive  a  fan  will 
e  with  the  cube  of  the  number  of  revolutions. 
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162.  Application  of  Theory. — The  equations  which  have 
been  given  are  general  ones  applying  to  all  centrifugal  fans 
regardless  of  form  of  blade  or  of  entrance  and  admission 
passages.  From  equation  (ii)  it  is  noted  that  the  velocity  of 
the  discharge-air  varies  with  the  velocity  of  the  tips  of  the 
blades.  The  value  of  the  coefficient  e  depends  on  the  pressure 
which  opposes  the  delivery  of  the  air,  the  velocity  of  the  fan, 
and  probably  also  on  the  form  of  blades.  For  fans  working 
against  a  pressure  of  about  i  ounce  per  square  inch  or  about 
1.73  inches  of  water  this  coefficient  seems  from  practical  data 
to  be  about  0.32,  increasing  to  0.4  or  0.5  with  free  delivery. 

In  the  ordinary  construction  of  ventilating-fans  tlie  width 
V  and  inlet  diameter  d  are  usually  taken  in  a  fixed  proportion 
to  the  external  diameter  of  the  fan-wheel  Z>,  as  noted  in  the 
table  of  proportions,  and  so  that  the  product  of  b'd  will  equal 
0.2  to  0.25/^. 

Substituting  in  equation  (12)  the  following  values  for  the 
coefficients : 

n^  =  9.94  =  nearly  10; 
e  =  0.4,    average    velocity    of  discharge    air    to    periphery 

velocity; 
/  =  0.6,  coefficient  of  supply  to  inlet; 
db'  =  o.2/?2,— 

G=--  A^Jy^ (15) 

By  actual  experiment  this  coefficient  is  found  to  vary  with 
change  in  resistance,  as  explained  later,  from  0.3  to  0.6. 

If  we  substitute  the  value  of  the  above  coefficients  in  equa- 
tion (14),  and  also  the  value  of  ^  =  0.8,  and  divide  by  550, 
we  have,  as  a  value  of  work  performed  reduced  to  horse-power, 

7"=  0.0000 12  (Z>'//^)  very  nearly.   .      .     .      (16) 

The  above  results  arc  for  a  fan  working  with  a  moderate 
resistance,  and  in  practice  the  last  coefficient  will  vary,  being 
less  as  the  resistance  is  greater ;  it  is  approximately  correct  when 
the  delivery  pressure  is  one  ounce  per  square  inch,  and  decreases 
for  higher  pressures  and  increases  for  lower  pressures,  being  in 
both  cases  essentially  as  expressed  in  the  following  rules : 

Practical  Rule  for  Capacity. — By  referring  to  formula 
(12)  it  is  noted  that  the  capacity  is  equal  to  the  product  of  three 
constants  multiplied  by  width  of  wheel,  diameter  of  inlet,  and 
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by  diameter    of  fan-wheel    into    the    number  of  revolutions. 

Since,   in  accoriiance   with   common   practice,   the   last  three 

proportions  are  varied  together,  we  shall  have  as  a  practical 

tie   for   determining    the  capacity  of  fans  with    proportions 

liar  to  above  the  following 

Rule. —  The  capacity  of  fans,  expressed  in  cubic  feci  of  air 
•Hi'cred  per  inimite,  is  equal  to  thf  cube  of  the  diameter  of  the 
'tf«-w/;«/  in  feet  multiplied  by  the  number  of  re-t'olutions,  inul- 
iplird  by  a  coefficient  having  the  fiflioiving  approximate  value  : 
or  fan  with  single  inlet  delivering  air  without  pressure, 
delivering  air  with  pressure  of  i  inch,  0.5;  delivering  air 
itli  pressure  of  i  ounce,  0.4.  For  fans  with  double  inlets  the 
fficient  should  be  increased  about  50  per  cent.  For  prac- 
:al  purposes  of  ventilation  the  capacity  of  a  fan  in  cubic  feet 
per  revolution  will  equal  0.4  the  cube  of  the  diameter  in  feet. 

Practical    Rule   for   Power.— 77/c  delivered  horse- ptnver 

required  for  a  given  fan  or  bhnvcr  is  equal  to  the  fifth  power 

the  diameter  in  feet,  multiplied  ^y  the  cube  of  the  number  of 

•olutions  per  second,  divided  by  one  million,  and  imdlipUcd 

df  the  following  coefficients  :  h'or  free  delivery  JO,  for 

•livery  against  one  ounce  of  pressure  20,  for  delivery  against 

10  ounces  of  pressure  to. 

As  an   example   showing   application    of  rules,    find    the 

capacity  in  air  delivered  and  horse-power  required  for  a  blower 

working  against  a  pressure  of  1    ounce  and  provided  with  a 

wheel  5  feet  in  diameter  and  of  usual  proportions,  running  at 

300  revolutions  per  minute,  or  300/60  =  5  per  second. 

The  capacity  equals  (5  X  5  X  5)(0.4)(30o)  =  iS.OOOCubic 
fcet  per  minute. 

The  horse -power  equals 

(S  X  5  X  5  X  5  X  S)(20)f3OO  X  300  X  300)  ^      g^ 

1  ,ooo,ocx)  60  X  60  X  60  '  ■ 

If  the  speed  should  be  doubled,  the  horse-power  needed 
ild  be  increased  eight  times,  provided  the  relative  resistance 
;d  the  same.  It  should  be  noted  that  the  horse-power 
as  given  by  the  above  rule  is  that  delivered  to  the  fan,  and  in 
reckoning  the  amount  to  be  supplied,  it  should  be  increased 
an  amount  sufficient  to  cover  any  I033  by  friction  in  the  motor 
and  transmission  mechanism. 
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Tests  which  Verify  the  Rules. — This  extremely  simple 
rule  for  capacity  agrees  very  closely  with  an  extensive  series 
of  experiments  made  on  different  fans,  with  proportions 
approximately  those  given.  Thus,  for  instance,  in  a  test 
made  of  a  fan-wheel  5  feet  diameter,  running  at  300  revolu- 
tions per  minute  at  Wheeling,  W.  Va. ,  the  air  discharged  was 
16,446  cubic  feet  per  minute  against  a  pressure  of  about  i.o 
inch.  By  the  rule  just  stated  the  discharge  would  be  0.4  X 
125  X  300=  15,000,  an  amount  10  per  cent  less  but  still 
within  the  limits  of  error  of  measurement  of  air.  In  another 
test  a  fan  of  4  feet  6  inches  diameter  when  running  at  310 
revolutions  gave  a  discharge  of  11,651  cubic  feet  per  minute 
under  working  conditions.  The  rules  as  stated  above  would 
give  a  delivery  of  1 1,284  cubic  feet  per  minute. 

In  another  case  the  test  of  an  American  blower-ficin  18 
inches  diameter,  working  against  a  pressure  of  i.i  inches  of 
water,  delivered  1368  cubic  feet  per  minute;  by  the  rule  given 
it  should  deliver  1 394  cubic  feet  per  minute. 

The  simple  rule  stated  for  capacity,  while  approximate  and 
applying  only  to  fans  of  essentially  the  same  proportions  as 
those  mentioned  and  when  working  under  the  conditions 
described,  will  still  be  found  very  useful.  For  fans  of 
materially  different  proportions  working  under  higher  pressures 
the  rule  will  not  apply  even  approximately. 

Experiments  by  the  author  with  a  fan  4  feet  in  diameter 
give  the  following  coefficients  for  capacity  and  horse-power: 


Pressure  above  Atmosphere  per  Square  Inch. 

Coefficient  for 
Capacity. 

Coefficient  for 
Hone-power. 

Inches  of  Water. 

Ounces. 

« 

(^) 

0 

0 

0.60 

0.30 

0.5 

0.29 

.56 

.27 

1.0 

0.59 

.50 

.25 

1.72 

1.0 

.40 

.20 

2.0 

1. 18 

.35 

.16 

3-74 

2.0 

.30 

.10 

In  a  test  of  three  fan- wheels,  with  inlet  opening  on  one 
side  equal  in  diameter  to  one  half  the  fan-wheel,  the  following 
results  were  obtained: 
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^ 

Cocfficienl  for 
C»|«ieily. 

Ceefficlfcil  (nr 
Power 

,„.h«o,W.«r, 

Ouncn. 

(") 

1') 

q 

0 

O.SO 

30 

0.5 

o,ig 

■4S 

>B 

t.O 

0.59 

.40 

16 

»-7» 

1.0a 

.30 

30 

a.o 

l.ig 

■87 

IS 

3-74 

i.oo 

..0 

-.0 

The  following  table  gives  results  of  tests  of  two  fans  used 
l-in  heating  the  Veterinary  Building  at  Cornell  University: 


f 


Diameter  of  wheel,  inches 

Widlh  al  center,  inches 

Diameter  inlet,  inches 

Discharge  opening,  inches 

Diameter  engine  cylinder,  inches 

Length  of  slrolie,  inches 

Healing  surface,  lineal  feet,  total 

Lineal  feet  per  cubic  foot  healed 

Cubic  leet  of  air  per  minute 

Lineal  feet  of  pipe  in  heater,  per  cubic  foot  of  ai 

Pteasute  in  ounces 

Revolutions  enRine  per  minute 

Revolution  of  fan 

Indicated  horse-power 

Delivered  borse-poner,  actually  found 

Steam  presaote,  pounds 

Tempeialure  outside  air 

Temperature  of  room 

Temperature  of  warm  air 

Hew  supplied  per  minute  B.  T.  U 

Heat  per  lineal  foot  of  pipe,  B.  T.  U.  per  hour- 
Pounds  of  steam,  per  square  foot  of  heating  sui 

face  per  hour • 

Cubic  feet  of  space  healed 

Changes  o(  ait  per  hour 

RESULTS    COMPARBD    WITH    CAPACITV   k 

Cube  of  diameter  in  feet 

Coefficient  for  capBCitj- 

'Capacitjr  by  rule 

fifth  power  of  diameter  in  (cct 

D»ii'  -*-  i.ooo.ooo 

factor  for  horse-power 

!  power  by  rule 


I 

i3 

J 
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163.  Relative  Efficiency  of  Fans  or  Blowers  and  of 
Heated  Flues. — Fans  or  blowers  are  usually  driven  by  steam- 
engines  of  a  medium  or  poor  grade,  and  as  they  must  be 
considered  in  connection  with  the  motive  power  for  a  fair 
comparison,  they  do  not  present  the  most  efficient  method  of 
transforming  heat  into  mechanical  work.  The  very  best 
engine  constructed  would  develop  about  a  horse-power  for  a 
consumption  of  1.25  pounds  of  coal  per  hour  under  the  boiler, 
which  would  correspond  to  an  efficiency  of  transformation  of 
heat  into  work  of  about  1 2  per  cent.  The  engine  ordinarily 
employed  for  driving  blowers  is  of  the  simple  non-condensing 
type,  using  about  40  pounds  of  steam  per  horse-power  hour 
and  requiring  per  horse-power  from  5  to  8  pounds  of  coal  to  be 
burned  under  the  boiler  per  hour ;  its  thermal  efficiency  is  from 
2  to  4  per  cent,  perhaps  averaging  not  far  from  3  per  cent. 
P^clet,  in  his  Traite  de  la  Chaleur,  gives  a  number  of  effi- 
ciency tests  of  blowers,  the  results  being,  in  the  various  cases 
cited,  respectively  15,  16,  18,  20,  25,  17,  20,  and  10  per  cent. 
Professor  Woodbridge  of  the  Massachusetts  Institute  of  Tech- 
nology obtained  the  following  results  in  a  series  of  tests  of 
different  pressure-blowers  and  of  exhaust-fans  when  operating 
under  a  working  pressure  0.05  of  an  inch: 


Tests  of  Blowers. 

Tesu  of  Disc  Fans. 

Speed. 

Number. 

Speed. 

Number. 

300 

500 

500 

700 

Efficiency,  Per  Cent. 

Efficiency,  Per  Cent. 

I 

14.9 

13-4 

6 

13-7 

16.4 

2 

4.6 

5-7 

7 

13.5 

15.3 

3 

15.6 

151 

S 

16.4 

195 

4 

15-7 

17.3 

9 

II. I 

12.9 

5 

14.8 

14.6 

10 

14.4 

15.2 

Quite  an  extensive  series  of  experiments  on  different  fans 
and  blowers  have  been  conducted  by  the  author  in  Sibley 
College,  Cornell  University;  these  have  shown  that  the 
efficiency  of  fans  under  usual  conditions  may  vary  between  10 
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md  40  per  cent,  and  under  best  conditions  may  rise  to  50  per 


A  blower  with  an  efficiency  of  10  per  cent,  operated  by 
1  engine  having  an  efficiency  of  3  per  cent,  would  constitute 
!  plant  with  a  joint  efficiency  of  0. 3  of  i  per  cent;  this  m.iy 
■be  considered  as  the  poorest  case  likely  to  be  found  in  practice. 
The  joint  efficiency  of  engine  and  blower  would  probably  be 
about  \  of  1  per  cent  in  average  practice,  and  about  i.25  per 
cent  in  the  best  cases  likely  to  be  found.  In  many  cases  all 
the  steam  exhausted  from  the  engine  may  be  used  for  heating 
or  other  useful  purposes,  which  would  make  the  joint  efficiency 
from  twenty  to  thirty-three  times  that  mentioned  above. 

The  following  mathematical  principles  may  be  applied. 
Thus  let  r  equal  that  percentage  of  heat  in  the  coal  burned 
under  the  boiler  which  is  converted  into  mechanical  work  by 
the  engine,  y  that  percentage  of  the  indicated  horse-power  of 
an  engine  which  is  utilized  in  moving  the  air,  R  the  total 
available  heat  in  B.T.U..  7'and  7"'  the  absolute  temperature, 
inside  and  outside  the  chimney. 

The  total  useful  work  performed  by  a  fan  or  blower  will 


r 


Wy=T!^rfR (I) 

HI  which  the  efficiency  of  the  engine  and  blower  combined  is 
denoted  by  rf. 

The  ratio  of  the  useful  work   done  by  the  same   coal  in 

operating   an   engine   and  a  fan   to  that   done   by  heating   a 

;himney  for  discharging  air  at  the  top  will  be  found  by  divid- 

ig   the  above   equation   by  the   mechanical  work  done   in  a 

ihimney  (see  equation  (c).  page  53,  in  which  c  =  .238): 


l^i.zTt/ 


(2) 

(3) 

1st.  Consider  rf-=:  0.003  =  the  assumed  lowest  value,  the 
riitside  temperature  =  60°,  so  that  7"=  60  +  460  =  520  in 
1  cases;  then 

280 

'^/=T (4) 
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2d.   Take  //"=  0.0066,  the  average  value;  then 

620 

^/=7.- (5) 

3d.  Take  rf  ■=■  1.25  per  cent,  the  highest  value  when  the 
exhaust  steam  is  not  used ;  then 

^f=     It (^) 

4th.  For  the  case  when  the  exhaust  steam  may  be  utilized 
or  the  fan  can  be  driven  by  shafting,  r  may  equal  80  per  cent, 
/  =  i6|  per  cent,  and  r/*=  1 1 .3  per  cent,  for  which  case 

_  10,600 

^f-    ir (7) 

From  the  above  formulas  it  is  noted  that  the  relative 
efficiencies  of  fan  and  blower  would  be  about  equal  for  the 
case  of  the  most  inefficient  fan  and  engine  were  the  chimney 
280  feet  high;  for  the  average  case  they  would  be  equal  when 
the  chimney  was  620  feet  high,  and  for  the  best  case  when  the 
chimney  was  1203  feet  high.  From  this  it  appears  that  the  fan 
and  engine  under  average  conditions  are  from  three  to  twelve 
times  as  efficient  as  a  chimney  100  feet  high.  In  all  the  above 
cases  the  delivery  of  air  from  the  top  of  the  chimney  is  considered. 

A  fan  is  frequently  used  to  draw  air  by  suction  as  well  as 

to  deliver  it  by  increase  of  pressure ;  and  as  the  air  entering  the 

fan  is  seldom  heated  to  any  great  extent,  the  work  of  a  fan 

under    usual    conditions    is    fairly    comparable    with    that    of 

delivering  cold  air  into  a  chimney.      For  this  case  the  ratios  of 

efficiencies  will  be  found  by  dividing  formula  (i)  by  formula 

Rh  T 
(/)y  page  54,  for  supply  of  air  to  a  chimney,  W^  =     ^,^- : 

'~  n\  "      //"r      "~       /iT     '    '    '    ^"^^ 

When  the  outside  temperature  is  60"",   T  equals   520°,  which 
will  be  used  in  all  cases. 

Substituting  ;/=  0.0003,  ^^'^  have  for  the  most  inefficient 
fan  and  engine 

0.0010657"'^ 

^'= — h— w 
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Substituting  other  values  of  »yas  before,  values  may  be  found 
for  the  average  and  best  quality  of  fan  and  engine.  For  these 
Uast  conditions  the  relative  eflficiency  depends  upon  the  square 
f  the  absolute  temperature  directly  and  on  the  height  of  the 
Pchimney  inversely, 

Attention  has  already  been  called  to  the  extremely  waste- 
,  results  which  characterize  the  movement  of  air  by  heat,  as 
a  a  chimney.  From  this  it  may  be  deduced  at  once  that  any 
:chanical  appliance,  even  with  a  moderate  efficiency,  would 
many  times  more  economical  for  moving  air  than  a 
pchimney.  This  is  rather  more  remarkable  since  mechanical 
appliances  for  moving  air  at  low  pressures,  as  is  usually 
required  in  ventilation,  have  a  comparatively  low  efficiency  and 
seldom  make  use  of  more  than  25  per  cent  of  the  power 
applied.  Even,  however,  considering  llie  case  when  the 
efficiency  is  very  tow,  we  shall  still  find  the  mechanical  appli- 
ance usually  much  less  wa.steful  for  moving  air  than  when  heat 
—e  applied  directly  in  a  chimney.  Thus  considering  the  case 
Iwhen  the  total  efficiency  of  the  heat  applied  to  drive  a  stcam- 
,  engine  and  all  the  intermediate  machinery  (or  mechanically 
moving  the  air  to  be  .6  of  1  per  cent,  we  shall  have  the 
mechanical  method  of  ventilation  as  many  times  more  econom- 
.  ical  than  the  chimney  as  shown  in  the  table  on  page  372. 

The  foregoing  discussion  shows  that  mechanical  ventilation 
!  usually  conducted  is  much  more  efficient  than  that  which 
(nay  be  obtained  with  heat  applied  directly  to  a  chimney; 
Stionsequently  the  cost  of  obtaining  ventilation  by  mechanical 
means  is  many  times  less  than  by  use  o(  a  heated  chimney. 
3t  may  be  remarked  in  this  connection  that  many  results  have 
■lieen  published  showing  higher  efficiencies  of  a  fan  or  blower 
ithan  quoted  in  this  work.  Very  high  results  are  generally  to 
I'tw  attributed  to  errors  in  measurement  ol  the  air  discharged,  or 
[by  neglecting  to  measure  velocities  in  all  portions  of  the  dis- 
■cbargc-fiue,  or  by  use  of  incorrect  apparatus.  An  efficiency  of 
35  per  cent  is  to  be  considered  high  for  fans  working  under  the 
light  pressures  which  are  common  in  ventilating  work. 

While  the  truth  of  the  conclusions  regarding  the  relative 
licfficiency  of  ventilation  by  mechanical  means  or  by  a  chimney 
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TABLE  SHOWING  NUMBER  OF  TIMES  MECHANICAL  VENTILA- 
TORS ARE  MORE  EFFICENT  UNDER  AVERAGE  CONDITION 
THAN   A   CHIMNEY   DISCHARGING   AIR   FROM    A    ROOM. 


Temperature  of 
Chimney.  Fahr. 

8o« 

ioo» 

150" 

aoo* 

950® 

3oo« 

400' 

450* 

Height  of 
Chimney,  Feet. 

Ratio  of  Efficiency 

» 

10 

68.4 

73-4 

87.3 

102 

118 

135 

173 

194 

20 

34-2 

36.7 

43-6 

51 

5.9 

67 

86 

97 

30 

22.8 

24.5 

29.1 

34 

3.9 

45 

57 

65 

40 

17.1 

18.3 

21.8 

24 

29 

34 

44 

4S 

50 

13.7 

14.7 

15-4 

20 

24 

27 

35 

39 

60 

IX. 4 

12.2 

14-5 

17 

19 

22 

28 

32 

70 

9.8 

10.5 

12.8 

15 

17 

19 

25 

28 

80 

8.5 

9.2 

10.9 

12 

15 

17 

22 

24 

90 

7.6 

8.1 

9-7 

II 

13 

15 

17 

21 

100 

6.8 

7.3 

8.7 

10 

12 

13.5 

17.3 

19.4 

125 

5  4 

5.9 

7.0 

8.1 

9.5 

10 

13.9 

15-5 

150 

4.6 

6.1 

51 

6.7 

8.0 

9.0 

II. 7 

13 

175 

3.9 

4.2 

5.0 

5.8 

6.7 

7.7 

9.9 

II. I 

200 

3.4 

3-6 

4.4 

5.1 

6.0 

6.7 

8.6 

9-7 

250 

2.7 

2.9 

31 

4.1 

4-7 

5.4 

6.9 

7.8 

300 

2.3 

2.4 

29 

3-4 

3  9 

4.5 

i    5-7 

6  5 

special  purpose,  yet  it  should  be  noted  that  in  many  cases  a 
heated  chimney  is  available  without  extra  cost  or,  from  the 
character  of  the  building,  is  the  only  kind  of  ventilation  per- 
missible ;  for  such  cases  it  is  to  be  adopted  as  preferable  to 
mechanical  ventilation. 

164.  Disc  and  Propeller  Fans. — The  same  general  for- 
mulae which  have  been  quoted  for  centrifugal  fans  also  apply 
to  the  disc  or  propeller  fans.  In  this  case  the  air  is  delivered 
from  the  entire  edge  of  the  blade  and  with  a  velocity  propor- 
tional to  the  velocity  of  the  blade  at  that  point.  An  extensive 
series  of  tests  of  fans  of  this  character  were  made  by  W.  G. 
Walker  of  London,  Eng.,  and  published  in  Engineering, 
August,  1 897.  The  results  of  the  test  show  that  the  efficiencies 
under  the  best  conditions  are  essentially  the  same  as  those  for 
pressure-blowers  as  quoted.  These  fans  developed,  according 
to  the  experiments  made,  a  volumetric  efficiency  in  some  cases 
greater  than  unity ;  this  can  only  be  explained  by  the  fact  that 
the  velocity  of  the  air-particles  must  under  some  conditions 
have  been  greater  than  that  of  the  blade,  a  condition  some- 
times found  true  in  tests  of  propellers  for  steam-boats. 
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The  rule  for  capacity  as  given  for  blowers  of  the  radial-flnw 
I'pe  would  seem  by  the  tests  to  also  apply  closely  to  propeller 
while  that  quoted  for  horse-power  required  does  not  apply. 
The  capacity  would  be  expressed  by  the  following  formula,  in 
hich    rt  =  a  constant   varying   from   .06  to   .50   per   cent. 
dependent  upon  the  resistance: 

Q  =  aEPn. 

The  horse-power  would  be  expressed  by  a  formula,  in  which 
i  =  a  constant  to  be  determined: 


H.P. 


:  bl>n^. 


165.  Measurement  of  Air  Supplied  a  Room. — Specifica- 
tions for  ventilating  apparatus  generally  require  as  a  condition 
of  acceptance  the  delivery  of  a  sjiecified  amount  of  air  into  a 
room,  and  it  is  important  that  accurate  measurements  of  such 
air  be  made. 

Air  is  generally  delivered  into  a  room  through  the  grill  of 
,a  register,  and  it  will  be  found  in  nearly  every  case  that  there 
considerable  variation  in  velocity  in  the  air  delivered  from 
different  portions  of  the  register.  The  results  would  also  vary 
considerably  with  the  position  of  the  anemometer,  which  is  the 
best  instrument  for  such  measurements.  An  approved  method 
of  measuring  the  air  discharged  from  a  register  requires  the  use 
lOf  a  temporary  pipe  or  tube  of  the  size  of  the  register  frame, 
fWhich  is  extended  into  the  room  for  a  distance  of  about  two 
feet,  and  is  subdivided  into  small  sections,  each  from  4  to  8 
inches  in  size,  by  fine  wires.  The  average  velocity  if  taken  in 
each  section  with  the  anemometer  wilt  represent  accurately  the 
velocity  of  the  entering  air,  and  this  quantity  multiplied  by  the 
area  of  cross-section  of  the  temporary  tube  will  give  thevolume 
supplied. 

If  the  anemometer  is  held  close  to  the  face  of  the  register, 
lere  may  be  considerable  error  in  obtaining  the  average 
locity  and  also  the  actual  area  of  cross-sectton  of  the  incom- 
ig  air,  both  of  which  quantities  are  essential. 

166.  Introduction  of  Air  into  Rooms. — The  principal 
lifficultics    experienced    in    mechanical   ventilation   are   those 

ilating  to  an  equable  distribution  of  air  in  the  rooms  to  be 
intilatcd.     It  is  a  comparatively  easy  matter  to  force  any 
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required  amount  of  air  through  a  given  duct  into  a  room  pro- 
vided there  be  suitable  discharge-flues  or  openings  leading  to 
the  air,  but  it  is  a  very  difficult  matter  to  supply  this  air  in 
such  a  manner  that  it  will  be  thoroughly  and  perfectly  dis- 
tributed. In  all  cases  of  mechanical  ventilation  there  must  be 
erected  ducts  or  pipes  for  conveying  the  air  to  the  room,  and 
also  suitable  ducts  or  passages  for  removing  the  air  from  the 
room,  and  these  may  be  arranged  in  various  ways  with  refer- 
ence to  each  other. 

Air  may  be  introduced  into  rooms  through  registers  either 
in  the  floor  or  ceiling  or  in  the  side  walls  at  various  heights, 
and  each  system  has  certain  advantages  and  disadvantages. 
In  introducing  the  air  through  floor-registers,  any  sweepings, 
dirt,  or  contamination  falling  to  the  floor  is  likely  to  be  carried 
by  the  entering  air  into  a  position  where  it  might  be  respired 
and  thus  become  a  medium  for  spreading  or  communicating 
disease.  Where  warm  air  is  introduced  for  ventilation,  as  is 
likely  to  be  the  case  during  the  cold  months,  there  is  a 
tendency  for  this  air  to  rise,  thus  causing  a  natural  circulation, 
which  assists  the  artificial  one  due  to  pressure.  On  the  other 
hand  natural  circulation  tends  to  increase  the  air-currents  in 
local  positions,  and  especially  in  the  lines  between  the  supply- 
and  discharge-registers,  and  this  prevents  that  equable  distribu- 
tion which  might  otherwise  be  obtained.  This  system,  which 
we  may  term  the  up-draft  system,  has  been  extensively  used 
in  the  past,  and  is  at  the  present  time  frequently  employed  for 
the  ventilation  of  large  auditoriums,  as,  for  instance,  the  House 
of  Parliament  in  London,  Eng.,  the  Senate  Chamber  at  Wash- 
ington, D.  C,  and  various  theatres  and  opera-houses.  In  the 
House  of  Parliament,  London,  Eng.,  the  air  is  introduced 
throughout  the  whole  floor-area  through  small  perforations 
covered  with  matting,  and  is  removed  tlirough  registers  in  the 
ceiling.  Professor  S.  H.  Woodbridge  constructed  a  system  of 
ventilation,  in  1896,  for  the  Senate  Chamber  at  Washington, 
in  which  the  air  is  introduced  through  perforations  located  in 
the  fixed  furniture,  and  discharged  in  the  ceiling. 

The  introduction  of  the  fresh  air  through  registers  or  per- 
forations in  the  ceiling  and  its  discharge  from  the  floor-line 
would  seem  to  be  supported  by  the  best  theoretical  reasons, 
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since  it  naturally  presents  the  best  methods  for  an  equable  dis- 
tribution, provided  the  air-currents  are  not  of  sufficient  intensity 
to  cause  a  sensible  draft.  This  system  has  not.  however,  been 
as  extensively  used  as  that  with  the  up-draft  currents,  but  has 
been  applied  successfully  to  a  few  large  auditoriums. 

The  introduction  of  air  from  the  side  walls  is  perhaps  more 

extensively  practised  for  the  ventilation  of  rooms  of  moderate 

height  and  extent  than  any  other,  and  is  doubtless  the  best 

suited  for  the  ventilation  of  such  rooms  as  are  usually  found  in 

school  buildings.     For  such  cases  the  best  results  are  obtained 

by  locating  the  supply-register  on  an  inner  wall  of  the  room 

and  about  three  or  four  feet  from  the  ceiling,  and  the  discharge- 

or   vent-register    in    the    same  wall    and    near   the  floor-line 

diagonally  opposite  the  supply-register.     This  arrangement  of 

sregisters  is  found  to  give  a  fairly  equable  distribution  of  the  air 

jifith  rooms  from  12  to  14  feet  in   height  when  not  exceeding 

BD  to  40  feet  in  floor  dimensions.      The  introduction  of  air  at 

wo  or  more  registers  under  similar  conditions  is  likely  to  cause 

■OSS-currents  and  eddies,  thus  producing  irregular  ventilation. 

pn  all  systems  of  ventilation,  as  previously  mentioned,  the  fresh 

should  be  introduced  in  such  a  manner  as  not  to  produce 

lensible  drafts :  where  it  enters  in  such  a  position  as  to  impinge 

jdirectly  on  the  people,    the  velocitj-  should,    for  best  results. 

bot  exceed  3  feet  per  second;  but  where  it  is  delivered  in  the 

5>per  portion  of  the  room  and  into  a  larger  body  of  nearly 

^ill  air  the  velocity  may  be  6  to   10  feet  per  second  without 

■oducing  serious  inconvenience  to  the  occupants. 

Mechanical  ventilation  may  be  performed  by  forcing  the 

rrequired  amount  of  air  into  a  room  and  allowing  it  to  discharge 

through  suitable  flues  or  by  exhausting  the  air  from  a  room. 

fresh  air  being  supplied  by  suitable  connections  to  the  outside; 

or    it    may  be    performed    by  a    combination   of  forcing   and 

exhausting    methods.     The    system    of  forcing    the    required 

amount  of  arr  into  a  room  is  as  a   rule  more  positive  than  that 

if  exhausting  the  air  from  a  room,  since  in  the  first  case  leaks 

I  the  flues  or  conduits  have  less  influence  on  the  results  than 

(the  other;  this  system  is  also  generally  more  cheaply  con- 

Ticted.     The  exhaust  system  would  necessarily  be  used  in 

«s  where  noxious  gases  need  to  be  removed   from  a  room 
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without  the  possibility  of  spreading  into  adjacent  rooms.  The 
combination  of  the  two  systems  is  frequently  employed;  in 
which  case  the  air  is  delivered  into  the  room  by  force  or  under 
a  slight  pressure  and  is  removed  from  the  room  by  action  of 
an  exhaust-fan  placed  in  the  discharge-flue.  In  this  latter  case 
the  exhaust  fan  is  virtually  used  as  a  substitute  for  a  chimney. 


chapter  xiv. 
Mechanical  systems  of  heating  and  ventilating. 


i66.  General  Remarks. — In  the  systems  of  hot-air  heat- 
big  which  have  been  described  the  circulation  of  air  is  caused 
Y  expansion  due  to  heating,  which  is  a  feeble  force  and  is 
ikely  to  be  overcome  by  adverse  wind  currents,  by  badly  pro- 
lortioned  pipes,  or  by  friction;  by  employing  a  fan  or  blower 
jbf  some  character  for  moving  the  air  the  circulation  will  be 
rendered  positive  and  so  strong  as  to  be  unaffected  by  these 
QBauses. 

This  system  can  be  employed  where  power  is  available, 

md  in  many  cases  will  be  found  to  present  an  economical  and 

■utisfactory  system  of  heating,  comparing  well  with  any  that 

i  been  devised,  especially  when  the  amount  of  ventilation 

provided  is  considered.     The  cost  of  heating  a  large  quantity 

nfair  is,  however,  in  every  case  one  of  considerable  amount. 

>  that  it  is  quite  probable  that  in  expense  of  operation  no 

System  of  indirect  heating,  whether  by  furnace  or  steam-pipes, 

ftcan  compare  with  that  of  direct  hot-water  or  steam  radiation. 

■The  system  of  mechanical  ventilation  is  in  almost  every  case 

■employed   in   connection  with   steam-heated    surfaces,  but  in 

■tome  instances  the  system  has  been  applied  successfully  with 

lace-heatcd  surfaces." 

167.  Various  Forms  of  Mechanical  Ventilating  and 
Heating  Systems. — A  mechanical  system  of  ventilation  is 
much  more  economical  than  one  which  depends  upon  the  use 
pf  a  heated  flue  for  the  reasons  already  given,  and   in  connec- 

lUital  yVortir.  May  15,  iSqs.  gives  tin  inlcrcsiing  example  show- 
Ibb  tbe  saccesBful  use  of  «  blower  aod  furnace  for  healing  a  chorch. 
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tion  with  a  method  of  warming  it  may  also  form  a  convenient 
and  economical  system  of  heating.  In  general  it  will  be 
necessary  to  warm  the  air  which  enters  for  ventilation  purposes 
in  cold  weather  in  order  to  prevent  uncomfortable  sensations 
of  chilliness ;  this  rrtay  be  done  to  a  sufficient  extent  to  provide 
all  the  heat  needed  for  warming  or  to  an  amount  sufficient  only 
to  prevent  a  sensation  of  chilliness,  which  may  be  perhap.-. 
to  72°  to  75°.  A  mechanical  system  of  circulation  can  be 
employed  for  the  purpose  of  heating  only,  by  driving  air  over 
heated  surfaces  and  thence  into  the  rooms  to  be  warmed,  and 
many  successful  plants  of  this  kind  have  been  erected  for  heat- 
ing shops  or  other  places  where  direct  radiation  was  objection- 
able; it  is  most  successfully  used,  however,  in  buildings  where 
ventilation  is  necessary  by  introducing  a  constant  volume  of 
air  which  is  heated  more  or  less  as  may  be  necessary  to  provide 
a  uniform  temperature  in  the  room. 

Systems  of  mechanical  ventilation  and  heating  have  been 
used  in  the  art  for  more  than  a  century,  but  until  within  the 
last  decade  they  have  not  been  extensively  or  systematically 
installed. 

.  As  erected  at  present  we  have  the  following  general 
methods  of  installation  in  use.  First,  systems  which  supply  a 
constant  volume  of  air  which  is  warmed  sufficiently  to  provide 
all  the  heat  required ;  the  air  may.  be  warmed  (A)  by  concen- 
trating the  heating  surface  near  the  fan  and  providing  a  flue  or 
passage  over  it  for  hot  air  and  another  around  it  for  cool  air; 
these  two  flues  or  pipes  are  kept  separate  for  some  distance,  but 
join  at  the  bottom  of  a  vertical  flue  leading  to  the  room  to  be 
heated,  where  they  are  controlled  by  a  regulating  damper, 
which  is  arranged  to  open  one  flue  as  it  closes  the  other;  this 
system  is  generally  known  as  the  double  direct  system,  and  is 
the  one  in  most  extensive  use.  All  the  air  before  reaching  the 
fan  is  usually  warmed  to  70°  or  75°  by  a  coil  of  steam-pipe, 
termed  the  tcmpering-coil.  The  air  is  warmed  in  the  second 
way  (B)  by  separate  radiating  surfaces  arranged  as  for  indirect 
heating  with  steam ;  at  the  base  of  the  vertical  flues  leading  to 
the  various  rooms  to  be  warmed,  a  by-pass  pipe  around  the 
heater  permits  the  cool  or  tempered  air  to  enter  a  room  in  any 
desired  amount,  being  regulated  by  a  damper.     In  this  latter 
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wstcm  the  heating  surface  is  subdivided,  but  only  one  air-pipe 
,s  to  be  erected  from  the  fan  to  each  heater. 
A  third  system  (C|  has  been  recently  used  to  a  consider- 
able extent,  in  which  the  air  driven  into  the  room  by  the  fan 
is  warmed  only  to  a  temperature  of  72°  to  75",  or  sufficient  to 
prevent  a  sensation  of  chilliness,  and  the  remaining  heat  needed 
is  supplied  by  direct  radiation.  For  this  latter  case  sufficient 
direct  radiation  mu.st  be  used  to  balance  the  loss  from  the  walls 
ind  windows,  or  in  other  words,  the  steam-radiating  surface 
rach  room  in  square  feet  must  equal 

^  which  G=  area  of  the  glass  in  square  feet,   If  equals  the 

rea  of  the  exposed  surface  of  the  wall. 

The  system  employed  for  heating  and  not  for  ventilation 
^ould  need  the  same  amount  of  radiating  surface  and  piping 

r  ducts  for  supplying  hot  air,  but  would  not  need  the  pipes  for 
Supplying  cool  or  tempered  air. 

In  all  these  systems  a  fan  or  blower,  as  described  in  the 
previous  chapter,  is  located  in  a  convenient  place,  but  usually 
in  the  basement;  it  can  be  arranged  to  draw  by  suction  or  to 
force  the  air  over  the  heating  surface  as  desired,  but  for  the 
ventilating  systems  witli  double  ducts  or  heaters  at  the  base  of 

Ie  flues,  it  is  in  general  more  convenient  to  force  the  air  over 
e  main  heater  or  heaters  and  draw  the  air  by  suction  through 
steam-coil  situated  between  the  fan  and  the  outside  air, 
lown  as  a  tempering  coi!  and  of  sufficient  extent  to  warm  the 
tering  air  to  70°  in  the  coldest  weather. 
The  usual  arrangement  of  fan  and  heating  surface,  when 
the  heater  is  concentrated  at  one  place,  is  shown  in  Fig.  244. 
The  entering  air  is  first  drawn  through  a  filter  to  remove  any 
^ust,  if  necessary,  thence  tlirough  a  tempering  coil,  which  is 
t  shown  in  the  drawing.  It  then  passes  through  the  fan  and 
\  thence  in  part  forced  through  the  heater  and  then  into  a 
pt-air  chamber,  from  which  hot-air  pipes  lead  to  vertical  flues 
Hiding  to  the  various  rooms;  a  part  flows  into  the  passage 
pneath  the  fan  and  thence  into  the  cold  or  tempered  air-pipe, 
tlich  in  the  system  shown  is  directly  below  the  hnt-air  pipe, 
ihough  in  other  systems  the  pusition  may  be  reversed.      In 
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45  is  shown  another  style  of  blower  and  heater  in  wjiich 
!d-air  flue  is  located  above  the  hol-air  flue. 
B.  Volume-  or  Regulating-dampers.- — These  dampers 
are  Used  at  the  place  where  the  horizontal  flues  for  liot  and  cold 
air  join  a  vertical  flue  leading  to  the  room  to  be  warmed. 
—These  dampers  are  made  in  a  variety  of  ways,  but  in  such  a 
planner  that  one  flue  will  be  opened  as  tiie  other  is  closed,  so 
B  to  provide  the  discharge  of  a  constant  volume  of  air. 

One  form  of  damper  is  shown  in  Fig.  246.  consisting  o( 
wo  planes  or  disks  mounted  at  right  angles  on  the  same  shaft 
^and  so  connected  that  the  hot-afr  pipe  will  be  clo.sed  as  the 
'  cold-air  pipe  is  opened  and  vice  versa.  The  damper  in  the 
figure  is  shown  as  operated  by  a  thermostat,  but  it  could 
readily  be  arranged  to  be  operated  by  hand  from  the  room  to 
tbc  warmed. 


Another  form  of  volume  damper  is  shown  in  Fig.  247.  of 
the  same  general  character  as  that  in  Fig.  246,  and  operated 
in  the  same  manner  and  so  as  to  secure  the  same  results. 

169.  Form  of  Steam-heated  Surface.— The  heating  sur- 
ice  is  fjencrally  built  of  inch  pipe,  set  vertically  into  a  square 
ast-iron  base,  connected  at  loi>  with  return-bends,  although 
ifae  box  coil.  Fig.  94,  page  139,  or  any  form  of  indirect  radiat- 
■g  surface  could  be  used. 


jSj  heating  and    I'EtJTlLATlNG   BUlLDtNGS. 

Figs.   248,   249,  and  250  show  forms  of  heating  surface 
built  up  of  one-inch  pipe  in  use  in  the  blower  system  of  heating. 


The  heaters  are  especially  designed  to  afford  free  circulatica 
of  the  steam  and  to  permit  a  ready  removal  of  the  water  c 
condensation  and  air. 


The  heating  surface,  as  will  be  seen  by  referring  fi 
page  109,  will  emit  600  to   1000  B.T.U.  per  square  foot  ( 
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hour  and  should  average  one  square  foot  for  every  13  to   15 
cubic  feet  of  air  heated  from  o°  to  120°  F.  per  minute.     To 

Fic.  350.— Heater  for  Mechanical  Systems  ow  Heatinc 

account  for  inefficiency  of  heating  surface  there  should  be  about 
10  per  cent  excess  or  one  square  foot  of  heating  surface  for  12 
ubic  feet  of  air  heated.     This  heating  surface  for  convenience 
B  usually  estimated  in  lineal  feet  of  one-inch  pipe,  and  on  this 
(ftsis  there  should  be  one  foot  in  length  of  one-inch  pipe  for 
1  cubic  feet  of  air  heated  per  minute,  which  agrees  well  with 
be  average  practice;  the  increase  in  temperature  of  air  being 
s   shown   in  the  diagram.   Fig.    351,  as  the  results  of  tests 
reviously  referred  to. 
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so  as  to  draw  the  air  by  suction  over  the  heated  surface  and 
then  deliver  by  pressure  into  the  rooms,  or  it  is  placed  so  as  to 
force  the  air  by  pressure  over  the  heating  surface  and  thence 
into  the  conduits  leading  to  the  various  rooms.  The  heating 
surface  is  usually  surrounded  with  metallic  walls  forming  a 
chamber  through  which  the  air  is  discharged,  as  shown  i 
Figs.  244,24s,  and  251. 


Fig.  S5' 

170.  Ducts  or  Flues— Registers  —  I  he  dimensions  of  tlri 
ducts  or  flues  leading  from  the  heater  should  be  such  that  thel 
required  amount  of  air  may  be  delivered  with  a  low  pressure* 
and  velocity,  so  as  to  avoid  excessive  resistances  due  to  friction. 
The  velocity  which  will  be  produced  by  various  pressures  in 
excess  of  that  of  the  atmosphere  is  given  in  Table  XXVI,  from 
which  it  is  seen  that  a  drop  in  pressure  sufficient  to  balance  \ 
inch  of  water  (0.29  ounce  per  square  inch)  will  produce  a  ve- 
locity of  30  feet  per  second  in  a  pipe  lOO  feet  lung  and  1  foot 
in  diameter;  this  is  generally  considered  to  be  the  maximum 
velocity  which  should  be  pemitted  in  any  of  the  pipes  or  pas- 
sages. In  proportioning  apparatus  in  this  system  of  heating 
it  is  generally  required  that  sufficient  air  shall  be  brought  in 
to  change  the  cubic  contents  of  the  room  four  times  per  hour. 
By  consulting  the  table  on  page  56,  it  will  be  seen  that  (or  this 
condition,  and  without  allowance  for  friction,  it  \ 
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lue  with  5,7  square  inches  of  area  for  each  1000  cubic  feet  of 
ipace  in  the  room.  By  adding  two  inches  to  the  diameter 
ibtained  as  above,  a  fair  allowance  for  friction  will  be 
made. 

A  more  accurate  method  of  proportion  area  of  ducts  is  by 
use  of  Table  XXV,  which  gives  the  diameter  of  a  round  pipe 
or  side  of  a  square  pipe  required  to  discharge  a  given  volume 
of  air  at  a  known  distance  and  with  a  drop  in  pressure  of  one 
inch  of  water.  The  author  would  advise  the  use  of  this  table 
in  proportioning  ducts  for  supply  of  air  in  its  use.  It  is  first 
necessary  to  determine  the  air  required  for  each  room,  and  the 
length  of  the  pipe-line.  This  tabic,  together  with  that  given 
in  Art.  163,  will  give  the  dimensions. 

The  pipes  are  usually  made  of  galvanized  iron  or  bright  tin 
and  should  have  light  joints  and  be  protected  from  loss  of  heat 
iby  some  good  covering  (see  page  239),  Flues  of  brick  or 
masonry  cause  more  friction  than  those  of  galvanized  iron,  and 
if  used  should  generally  be  about  two  inches  larger  in  diameter 
than  provided  for  by  this  table.  As  branch  pipes  for  various 
apartments  are  taken  off,  the  main  pipe  can  be  reduced  in  size ; 
this  should  never  be  done  abruptly,  but  only  by  the  use  of  taper- 
jng  tubes,  the  angle, of  whose  sides  measured  from  the  line  of 
the  main  pipe  should  rarely  be  greater  than  15  degrees.  In  a 
double-duct  system  of  heating  the  area  of  the  hot-air  duct 
should  be  sufhcieiit  to  carry  90  per  cent  of  the  total  air;  that 
of  the  cold-air  duct  sufficient  to  carry  40  to  50  per  cent. 

The  area  of  the  cold-air  duct  or  passageway  leading  to  the 
fan  should  be  as  great  as  possible  in  order  to  keep  the  velocity  ■ 
of  entering  air  low;  if  the  area  of  cross-section  is  equal  to  the 
sum  of  the  areas  of  all  the  ducts  leading  from  the  heating  surface, 
the  velocity  will  probably  be  about  three  quarters  of  that  in 
the  hot-air  pipes,  and  may  draw  in  considerable  dust  and  dirt 
from  outside.  The  flues  which  convey  air  to  the  rooms  should 
discharge  near  the  upper  part  of  the  room  substantially  as 
Ijdfcscribed  on  page  63  and  shown  in  Fig.  23.  The  friction  in 
all  pipes  is  greater  than  in  large  ones,  being  relatively  pro- 
irtional  to  the   circumference  or  perimeter;  hence  the  sum 
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of  the  areas  of  the  branch  pipes  should  be  considerably  greater 
than  that  of  the  main.* 

The  table  on  opposite  page  gives  the  number  of  small  pipes 
which  provide  an  area  equivalent  to  that  of  one  large  pipe  of 
similar  cross-section  ;  in  case  no  table  is  at  hand  the  same  re- 
sults may  be  obtained  by  dividing  the  larger  diameter  by  the 
smaller  one  and  taking  the  square  root  of  the  fifth  power  of  the 
quotient. 

The  following  table  gives  the  actual  amount  discharged 
with  constant  resistance,  and  with  pressure  equal  to  one  half 
inch  of  water  column  in  round  pipes,  as  computed  from  Unwin's 
formulae,  page  41 :  (also  see  Table  XXV  in  Appendix) : 


VELOCITY  AND  QUANTITY  OF  AIR  DELIVERED  IN  PIPES  OF 
DIFFERENT  DIAMETERS,  EACH  100  FEET  LONG,  WITH  AN 
AIR-PRESSURE  EQUAL  TO  \  INCH  OF  WATER  COLUMN. 


Diameter  of 

Velocity  of  Air. 

Cubic  Feet   of 

Diameter  of 

Velocity  of  Air. 

Cubic  Feet  of 

Pipe.    In. 

Ft.  per  Sec. 

Air  per  Min. 

Pipe.  lo. 

Ft.  per  Sec. 

Air  per  Min. 

•  I 

8.7 

2.6 

X6 

356 

3,024 

2 

12.4 

16 

18 

36.8 

4,032 

3 

15.0 

45 

20 

38.| 
40.D 

5,184 

4 

17-3 

90 

22 

6.480 

5 

19.4 

160 

24 

42.4 

8,208 

6 

21.3 

253 

26 

44.2 

9.936 

7 

23  0 

380 

28 

46.0 

11,952 

8 

245 

515 

30 

47.4 

14.256 

9 

26.1 

720 

36 

52.Q 

23,040 

10 

27.4 

900 

42 

56.1 

33.120 

II 

28.6 

1190 

48 

61.0 

46,080 

12 

30.5 

1440 

54 

63.6 

61,920 

13 

31.3 

1620 

60 

67.0 

80,640 

14 

32.4 

2160 

*The  velocity  of  flow  of  air  is  given  in  formulae  on  page  41;  the  amount 
discharged  is  equal  to  the  area  of  the  pipe  multiplied  by  the  velocity,  and  will 
be  equal  in  every  case  to  the  square  root  of  the  fifth  power  of  a  constant  multi- 
plied by  the  diameter  of  the  pipe.  If  we  denote  diameter  of  larger  pipe  by  /?. 
of  smaller  pipe  by  d^  and  the  number  of  smaller  pipes  required  to  make  one  of 
area  equivalent  to  that  of  larger  by  «, 


'-{% 


To  find  diameter  of  round  pipe,  d,  which  shall  be  equivalent  in  carrying  capacity 
lo  a  rectangular  pipe  with  dimensions  a  and  3,  we  would  have 
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Air  which  is  drawn  in  from  outside  at  high  velocity  is  often 
loaded  with  dust,  and  for  this  reason  filters  made  of  some  tex- 
tile material,  or  baffle-plates  which  discharge  the  dust  into 
vessels  of  water,  are  sometimes  required  in  the  passageway 
leading  to  the  fan. 

The  net  areas  of  registers  should  be  sufficiently  great  to 
prevent  the  velocity  in  the  entering  air  becoming  so  great  as 
to  produce  a  sensible  draft.  Taking  tliis  limiting  value  at  5 
feet  per  second,  the  area  of  the  register  can  be  obtained  from 
table  on  page  63.  If  the  air  is  to  be  changed  four  times  per 
hoiir,  there  should  be  34  square  inches  in  the  register  for 
each  1000  cubic  feet  of  space.  The  nominal  area  of  the  regis- 
ter should  be  about  50  per  cent  greater  than  given  by 
this  computation  ;  the  actual  areas  of  commercial  registers  is 
given  in  table  page  322. 

171.  Blowers  or  Fans. — The  principles  relating  to  the 
operation  and  construction  of  fans  and  blowers  have  been  quite 
fully  given  in  the  preceding  chapter,  together  with  a  description 
of  the  more  important  types,  so  that  it  is  only  necessary  in 
this  place  to  refer  to  such  features  of  construction  or  opera- 
tion as  are  peculiar  or  of  special  importance  in  connection  with 
systems  of  mechanical  >  entilation  and  heating. 

The  motive  power  employed  to  drive  fans  maybe  obtained 
from  a  running  countershaft,  from  an  engine  either  directly 
connected  or  belted,  or  from  an  electric  or  water  motor.  Where 
the  fan  is  to  be  used  only  at  intervals,  the  electric  motor 
will  be  found  more  desirable  and  fully  as  economical  as  the 
engine. 

Where  fans  are  used  in  connection  with  heating  systems 
they  can  usually  be  driven  most  economically  by  a  steam- 
engine,  arranged  so  that  the  steam  after  passing  through  and 
driving  the  engine  will  exhaust  into  the  heating  coil.  For 
this  condition  the  cost  of  motive  power  will  be  scarcely  appre- 
ciable, since  the  loss  of  heating  capacity  by  the  steam  in  pass- 
ing through  the  engine  will  not  usually  exceed  ten  to  thirty 
per  cent. 
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^Vhc  fan  should  be  located  in  a  position  where  the  noise  caused 
^By  its  operation  is  likely  to  be  of  little  importance,  and  it 
^Thould  be  arranged  so  that  a  portion  or  all  of  the  blast  can  be 
deflected  from  the  heating  surface  and  sent  to  the  rooms  with- 
out being  warmed  if  so  required.  This  can  be  done  by  proper 
I  construction  of  ducts  and  dampers, 
I  An  exhaust  fan  in  tile  ventilating  shaft  has  been  used,  in 
tome  instances  with  good  results,  for  removing  air  from  a 
building  and  producing  circulation  over  the  heater,  but  there  is 
psbility  of  leakage  or  infiltration  of  air  into  the  flues  from  the 
DUtside.  In  case  air  enters  this  without  passing  over  the  heat- 
ing surface,  which  is  likely  to  reduce  its  efficiency,  so  that  in 
practice  it  has  not  proved  as  satisfactory  as  the  pressure-sys- 
tem. For  purposes  of  ventilation  only,  or  for  the  removal  nf 
foul  and  noxious  gases  where  the  ventilating  ducts  are  tight, 
or  as  an  accessory  to  the  pressure-system,  the  exhaust  fan  is 
very  eflScient  and  often  invaluable. 

172.  tiealiiig  burface  Required. — The  methods  of  pro- 
portioning tiie  htating  surface  will  be  the  same  in  every  par- 
ticular as  those  previously  described  for  indirect  heaters,  page 
269,  and  for  hot-air  furnaces,  page  317.  In  this  case,  however, 
as  the  air  passes  over  the  heating  surfaces  with  considerable 
velocity,  the  amount  of  heat  which  is  given  off  is  many  times 
(tiore  than  that  from  ordinary  radiating  surfaces  in  direct  heat- 
ing. Experiments  have  already  been  quoted  on  page  1 10  which 
Slow  that  the  number  of  heat-units  given  off  per  degree  diffcr- 
ince  of  temperature  per  square  foot  of  surface  per  hour  is 
lependent  on  a  function  of  the  square  rout  of  the  velocity  of 
Jhe  air  in  feet  per  second  ;  for  a  velocity  of  36  feet  per  second 
this  might  amount  to  6  heat-units.  For  very  cold  weather  the 
difference  of  temperature  between  heating  surface  and  air  will 
be  from  160  to  170  degrees,  and  in  this  case  the  total  heat 
^Lpven  off  per  square  foot  will  be  about  icxao  heat-units,  or  the 
^B^uivalent  of  that  given  off  in  the  condensation  of  somewhat 
^Klore  than  1  pound  of  steam. 

The  following  general  formula  will  apply  10  tliis  case  : 

Let  7*=  temperature  of   iieating  surface,  t  that  of  tlie   air  of   the 

tihat  of  outside  air.  r"  tliat  of  air  leaving  Iieating  surfuce.  /,  the 
iperature  of  air  surrounding  heating  surface  =  J(^'  —  /').  "  = 
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number  of  times  air  is  to  be  changed  per  hour  in  the  room,  C cubic 
contents  of  room,  a  =  coefficient  giving  number  of  heat-units  per 
degree  difference  of  temperature  per  square  foot  per  hour  from  heating 
surface.  We  have,  since  one  heat-unit  is  capable  of  heating  56  cubic 
feet  of  air  one  degree :  * 

Cubic  feet  of  air  heated  per  hour  =  nC\ 

nC 

Heat-units  required  for  warming  this  air  =  —rif**  —  O; 


Square  feet  of  radiation 


S6a(T^i,y 


Substituting  in  the  last  equation 

a{T^  f)  =  icxx)/"  —  /'  =  70, 
I  and  multiplying  by  60  to  reduce  to  minutes,  and  we  have 

nC{r  -  f)6o  _  (;iCX7o)(6o)  _  hC^ 
56^(7  —  /')     ""'  56  X  1000    ^  12.3" 

From  this  computation  it  would  appear  that  one  square  foot 
of  heating  surface  would  warm  13.3  cubic  feet  of  air  120°  per 
minute.  In  designing  it  is  considered  safe  to  reduce  this  to 
12  cubic  feet,  as  3  lineal  feet  of  one-inch  pipe  are  practically 
equivalent  to  one  square  foot  of  heating  surface  ;  we  note  from 
the  above  that  one  foot  of  one4nch  pipe  in  the  heater  will  warm 
4  cubic  feet  of  air  per  minute. 

173.  Size  of  Boiler  Required. — From  the  preceding  state- 
ment and  by  reference  to  page  1 10  it  is  seen  that  one  square 
foot  of  heating  surface  in  mechanical  heating  will  condense  from 
0.5  to  0.8  the  amount  of  steam  that  can  be  produced  by  one 
square  foot  of  heating  surface  in  the  boiler.  Hence  there 
should  be  from  0.5  to  0.9  as  much  area  of  heating  surface  in 
the  boiler  as  in  the  indirect  heater,  or,  in  other  words,  there 
should  be  one  boiler  horse-power  for  every  20  to  30  square 
feet  in  the  heater.  The  proportions  of  grate  surface,  chimney, 
etc.,  will  be  found  by  consulting  Article  95,  page  191. 


♦  Sec  Table  X,  temp,  at  70*  F. 
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174.  Practical  Construction  of  the  Hot-blast  System  of 
Heatiag^- — The  following  matter  regarding  the  constnittion  of 
mechanical  heating  plants  has  been  kindly  furnished  for  this 
book  by  Mr.  F.  R.  Still  of  Detroit,  who  has  had  an  extensive 
engineering  experience  in  this  particular  kind  of  work  : 

Air  Required. — The  following  is  intended  to  give  the  basis 
of  calculation  for  difTerent  parts  of  a  plant  of  a  mechanical  heat- 
ing  system.     The   first   thing   to  consider  witii   this  system 
usually  is  the  amount  of  air  to  be  delivered  and  warmed  per 
minute.     Experience  has  proved  that  the  delivery  of  an  amount 
of  air  into  a  building  or  apartment  equal  to  its  cubic  contents 
every  15  minutes,  will  warm  it  under  average  conditions  of  con- 
I  struction  to  70  degrees  F.  when  the  outside  temperature  is  zero. 
I  This  amount  of  air  will  accomplish  like  results  in  some  buildings 
I  when  the  outside  temperature  is  10  or  even  20  degrees  below 
\  ztTo,  and  in  other  cases  this  amo  unt  will  be  found  insufficient ; 
I  the  variation  being  due  to  construction,  glass  surface,  and  con- 
I  ditions  which  have   been   previously  mentioned   on   page  7^. 
In   some  classes  of  buildings,  for  instance,  churches,  achool- 
I  houses,  theatres,  and  hospitals,  a  change  of  air  may  be  required 
every  10  minutes. 

Amount   of  Healing   Swr/iif^.^  Having    determined    the 
amount  of  air  required,  the  next   consideration  is  the  amount 
of  heating  surface  to  be  used  in  the  indirect  heater.     This  can 
be  treated  better  by  taking  a  specific  example,  for  instance, 
suppose  that  20,ooo  cubic  feet  of  air  to  be  delivered  into  the 
building  every  minute    (1,200,000  cubic   feet   per  hour)  at  a 
temperature  of  120  degrees,  when  air  outside  is  zer»,  that  the 
steam-pressure  on  the  coils  or  heating  surface  is  10  pounds  per 
square  inch,  and  that  the  temperature  of  the  water  of  condensa- 
tion is  213  degrees.      In  one  pound  of  steam  at  a  pressure  of 
10  pounds  above  the  atmosphere  there  is  1186.5  units  of  heat, 
while  in  one  pound  of  water  of    condensation  there    is    213 
I  units,  leaving  973.5  units,  which   is  given  off  by  the   heating 
Isurface.     By  consulting  Table  X    it  will    be  seen  that  at  tem- 
I  perature  of  70°  F.  one  heat-unit  will  warm   56  cubic  feet  of  air 
lone   degree,  and  hence  to   heat   one  cubic  foot    120   degrees 
twill   require    2.15    heat-units:    each    pound    of    steam    gives 
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off  973.5  heat-units  and  will  heat  452  cubic  feet  of  air  from 
zero  to  120  degree.  To  heat  1,200,000  cubic  feet  of  air  to  120 
degrees  will  require  2660  pounds  of  steam.  The  indirect 
heater  provided  with  blower  will  condense  under  average 
conditions  i  pound  of  water  per  square  foot  of  surface 
per  hour,  and  hence  we  should  require  as  many  square  feet  of 
surface  as  the  quotient  of  2660  divided  by  7,  or  2660  square 
feet. 

Size  of  Boiler. — To  find  the  size  of  boiler  needed,  divide  the 
total  steam  required  per  hour,  in  the  example  2660,  by  that  re- 
quired for  one  boiler  horse-power ;  this,  when  water  of  conden- 
sation is  all  returned  to  boiler,  is  34.5  pounds  (see  page  122), 
and  we  obtain  'J^  horse-power.  This  computation  gives  a 
larger  boiler  than  would  generally  be  installed  for  work  of  this 
magnitude.  The  rated  horse-power  of  a  boiler  is  capable  of 
considerable  increase  in  times  of  necessity  and  for  short  periods. 
It  can  hardly  be  considered  good  practice  to  overwork  a 
boiler,  but  as  extremely  severe  weather  is  usually  of  very 
short  duration  and  the  balance  of  the  season  mild,  there  is 
good  reason,  on  the  score  of  economy  in  first  cost,  for  this 
practice.  The  boiler  is  usually  rated  on  the  supposition  that 
it  will  need  to  supply  1.5  pounds  of  steam  for  each  square  foot 
of  surface  in  the  radiator  per  hour,  in  which  case  23  square 
feet  of  surface  would  be  supplied  by  one  boiler  horse-power. 
This  estimate  would  require  the  normal  rating  of  the  boiler 
to  be  developed  during  the  average  stress  of  weather;  this 
method  would  require  a  boiler  of  about  60  horse-power  for  the 
plant  considered  in  the  example.  Such  a  method  of  pro- 
portioning has  proved  quite  satisfactory  in  actual  practice, 
although  greater  economy  could,  no  doubt,  be  obtained  by 
using  a  larger  boiler. 

Size  of  Bloivcr, — We  are  next  to  determine  the  size  of 
blower  required,  which  in  some  respects  is  the  most  difficult 
part  relating  to  the  design,  as  much  depends  on  the  location  of 
the  fan  and  the  various  uses  to  which  the  building  is  to  be  put. 
Noise  is  an  objection  in  any  kind  of  a  building  except  perhaps 
one  devoted  to  manufacturing.  A  good  basis  from  which  to 
determine  the  velocity  of  the  air  is  that  relating  to  the  highest 
speed  at  which  the  blower  can  be  driven  without  making  a 
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ierious  noise.     This  limit  of  speed  is  found  to  bt  about  250 
^revolutions  per  minute;  but  except  in  rare  cases  the  blower 
I  run  at  from  180  to  200  revolutions.     We  do  not  advo- 
■ciBtc  a  linear  velocity  of  the  air   through  the  discharge  of  a 
(blower  in  excess  of  2400  feet  per  minute,  and  it  will  be  found 
)  give  better  economy  and   more  satisfactory  results  if  the 
Velocitydoes  not  exceed  IJOO  or  1800  feet :  though  in  some  in- 
utances  this  low  velocity  may  require  a  large  and  unsightly  fan. 
Assuming,  as  in  the  example,  that  the  blower  is  to  deliver 
D.ooo  cubic  feet  of  air  per  minute  at  a  velocity  not  exceeding 
^500  feet   per  minute,  the   following  considerations  must  re- 
I  ceive   attention  :  A    blower   standing   in    an    open  room  and 
having  a    free    inlet    and  outlet  will  discharge  air  at  a  velocity 
nearly  equal  to  that  of  the  peripheral  velocity  of  the  fan-blades, 
but  attach  this  blower  to  a  bank  of  heating  coils  and  a  system  of 
tconduitsand  the  resistance  due  to  friction  becomes  so  great  that 
pt  reduces  this  velocity  nearly  40  per  cent.    To  allow  for  this  loss 
md  retain  a  factor  of  safety  it  is  customary  to  call  the  periph- 
ral  velocity  of  the  fan-blades  equal  to  the  linear  velocity  of 
Rhe  air,  and  to  figure  on  the  efficiency  of  delivery  in  actual 
jwork  as  50  per  cent  of  this  amount.     On  this  basis  a  velocity 
■of  2000  feet  through  the  discharge  of  the  blower  will  be  main- 
Ptained  when  the  peripheral  velocity  of  the  f^n  is  about  4000 
feet.     Having  determined  that  the  blower  is  not  to  run  over 
200  revolutions  per  minute,  it  will  be  necessary  to  have  fan- 
wheels  for  this  peripheral  speed  6-4   feet   in    diameter.     A  fan 
6  feet  in   diameter  running  200    revolutions  has  a  peripheral 
velocity  of  3770  feet  per  minute,  so  that  the  air  delivered,  with 
50  per  cent  allowance  for  friction   will  movcat  the  rate  of  1885 
feet  per  minute.     A  blower  of  any  standard  make,  having  a 
wheel  6  feet  in  diameter,  would  be  provided  with  a  discharge- 
opening  at  least  11.5  square  feet  in  area.     The  product  of  this 
area  by  188;  gives  a  discharge  of  21,677  cubic  feet  per  minute, 
which  is  slightly  more  than   is   required   in  the  example  con- 
sidered. 

By  the  rule  already  given  the  capacit_y  of  a  6-foot  fan  at 
Orevolutions  per  minute  would  equal  (o.5}t6  X  6  X  6)(250)  = 
|,200.     The   power   required   to    drive    this   fan    would    be 
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{6*)(-7— 1  =6.5  horse-power,  which  results  are  essen. 

1,000,000       \6o/- 
tially  like  those  given. 

Power  Required. — The  following  tables  give  the  results  of 
the  actual  power,  as  obtained  by  testing,  required  to  operate 
various  sizes  of  Smith  fans  when  delivering  a  specified  amount 
of  air : 
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The    izo-inch    fan    has   a   wheel   6    feet   in   diameter,    as 

jpihoivn    by    the    table    of    dimensions.      By    consulting    the 

lable    of    powers    it   will    be    seen    that    this    fan,   running 

with  a  speed  of  200  revolutions  per  minute,  requires  less  than 

'  horse-power  to  drive  the  blower.     The  capacity,  as  given 

I  under  the  same  head,  is  that  for  a  fan  working  with  free  inlet 
and  outlet,  and,  as  before  remarked,  is  about  10  per  cent 
greater  than  the  capacity  when  delivering  into  conduits.     To 

r  totally  close  off  either  inlet  or  discharge  of  the  blower  causes 
r  to  move  around  with  the  fan ;  this  removes  so  much  load 

Ifrom  the  engine  that  unless  it  is  provided  with  an  excellent 
|govcrnor  it  will  speed  up  to  a  very  great  rate  and  may  run 
taway.  This  fact  that  an  increase  of  resistance  diminishes  the 
■  required  at  different  speeds  is  not  considered  in  the 
tables  given  ;  consequently  these  powers  are  somewhat  in  ex- 
cess of  those  actually  required.  The  excess  of  power  would 
depend  upon  friction  and  other  resistances;  consequently  no 
allowance  can  be  made  which  would  be  accurate  for  all  con- 
ditions. 

Dimensions  of  Horizontal  Conduits. — We  now  come  to  the 
question  regarding  dimensions  of  horizontal  conduits  that  con- 
vey the  air  from  the  blower  to  various  parts  of  the  building. 
There  is  a  great  difference  of  opinion  as  to  the  proper  velocity 
of  the  air  through  such  conduits,  and  circumstances  have  a 
great  deal  to  do  with  this  question.  In  my  opinion  the  easier 
you  make  it  for  the  air  to  travel  the  more  successful  will  be 
the  plant.  In  no  plants,  in  public-buildings,  do  we  advocate  a 
velocity  of  air  that  exceeds  30  feel  per  second,  or  1800  feet  per 
minute ;  1300  feet,  or  even  400  feet,  is  better,  although  in  an 
extensive  plant  the  conduits  might  be  so  large  as  to  be  un- 
sightly and  interfere  with  the  convenience  of  the  building. 
Vertical  flues  in  the  walls  leading  to  the  various  apartments 
should  be  so  large  that  the  velocity  of  the  air  will  not  exceed 
15  feet  per  second,  or  900  feet  per  minute. 

Maximum  Velocity  of  Air. — From  an  economical  and  efficient 
standpoint  air  should  never  enter  a  room  through  a  register, 
screen,  or  grille  at  a  velocity  exceeding  400  feet  per  minute 

J!6.6  feet  per  second).     A    greater  velocity  is  liable  to  create 
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such  a  rapid  movement  of  the  air  as  will  stir  up  the  dust  in  the 
room  and  create  serious  throat  affections.  Again,  air  coming 
in  contact  with  the  screen  at  a  very  high  velocity  will  cause  a 
low  whirr  or  whistle  often  proving  very  annoying.  Better 
ventilation,  or  perhaps  we  should  say  better  circulation  of  the 
air,  takes  place  when  introduced  at  a  moderate  velocity  tjian  at 
a  high  velocity,  because  in  that  case  the  air  enters  gently  and 
is  distributed  by  gravitation,  due  to  the  cooling  of  the  air  in 
contact  with  cold  walls,  and  the  whole  body  of  air  is  thus  kept 
in  slight  motion  and  the  entering  air  is  more  evenly  distributed. 
If  the  air  is  forced  in  at  high  velocity,  it  creates  swift  currents 
and  counter-currents,  which  will  completely  prevent  the 
equitable  distribution  of  the  fresh  air. 

Introduction  of  Air, — My  method  of  introducing  air  into  a 
room  is  from  a  register  about  8  feet  above  the  floor,  connected 
with  a  flue  located  in  an  inside  wall,  and  discharging  the  cur- 
rent of  air  in  the  direction  of  an  outside  wall.  The  vent  regis- 
ter should  be  located  in  the  same  wall  as  the  fresh-air  register, 
but  at  the  opposite  side  and  in  the  warmest  corner  of  the 
room. 

General  Remarks. — Architects  very  often  combat  such  ar- 
rangements on  the  ground  of  interfering  with  their  plans  or  of 
taking  up  too  much  room,  and  very  often  seriously  object  to 
making  even  the  slightest  alteration.  This  often  leads  to  sorry 
arrangements  for  heating  and  ventilating  plants,  which  will 
probably  always  continue  so  long  as  competiting  manufacturers 
desifjn  those  to  be  installed  in  certain  buildings. 

It  may  be  said  generally  that  while  the  method  of  design- 
ing, followed  by  different  manufacturers,  may  be  essentially 
different  from  that  given  here,  yet  the  experience  of  the  writer 
has  shown  that  the  quantities,  as  computed  by  various  manu- 
facturers when  submitting  plans  in  competition  for  the  same 
building,  are  essentially  the  same  as  those  stated  here. 
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175.  Description  of  Mechanical  Ventilating  Plant. — The 
^lant  erected  in  the  New  York  State  Veterinary  College  m 
'  1896  is  described,  not  because  it  has  any  peculiar  points  uf 
merit  or  is  to  be  regarded  as  a  model  of  its  kind,  but  principally 
for  the  reason  that  the  author  has  in  his  possession  data 
regarding  details  of  construction,  and  has  had  careful  tests 
made  of  the  efficiency  of  the  plant. 

The  buildings  are  arranged  as  follows:    A  main  building 
.  three  stories  in  height,  in  which  are  located  tlie  offices,  lecture- 
museum,     laboratories,    and,    in    the    basement,    the 
pleating  and  ventilating  plant;  the  north  wing  to  this  building, 
story  in  height,  containing  the  anatomical  theatre,  labora- 
y,  preparation  room,  locker,  and  lavatory ;  a  mortuary  build- 
ling  located  in  the  rectangle  formed  by  the  main  building  and 
north    wing   at    two    sides;    an    operating   shed  cast    of  the 
mortuary;  and   the  stables   and  the   isolated  wards   for   con- 
tagious diseases,  which  are  located  to  the  east  and  south,  and 
[,  not  heated  from  the  main  plant.      The  operating  shed  is  built 
r  wood;  all    other  buildings  are   of  buff  brick  and  of  slow- 
ttirning  construction,  viz.,  all  the  inner  wails  are  finished  in 
wick  and  painted,  the  timbers  are  all  extra  heavy  and  exposed 
■to  view,  the   flooring   and  sheeting  on   the  roof  is  laid   over 
[dank,  the    ceilings   are   of  narrow  pine,  and  in  general   no 
Hiclosed  spaces  are  left.     The  roofs  are  all  covered  with  tin 
jld  the  trimmings  in  the  interior  of  the  main  building  are  of 
\  oak.     The  building  is  lighted,  except  in  the  north  wing  and 
operating  shed,  through  side  windows;  in  the  former  the  prin- 
cipal  light  comes  through  skylights  in  the  roof.     Except  on 
the  three  stories  of  the  main  building,  all  floors  are  of  concrete. 
,  vault  in  the  rear  of  this  building  and  on  a  level  with  the 
tasement  contains  the  boilers,  crematory,  and  cold  storage. 

The  exposure  of  walls  and  windows  to  the  weather  is  about 
s  follows: 

Glui. 
644  sq.  f(. 
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wire  screens  to  remove  any  large  particles  of  dust  which  might 
be  drawn  in.  Air  from  the  museum,  which  is  usually  unoccu- 
pied, cati  also,  when  desired,  by  the  opening  of  certain 
registers,  be  drawn  into  each  cold-air  room  and  mixed  with 
air  from  the  outside.  From  the  cold-air  rooms  it  is  drawn  into 
the  fans  through  a  coil  of  steam-piping  known  as  the  *  *  temper- 
ing coil,"  the  office  of  which  is  to  warm  or  temper  all  the  air 
entering  the  building  to  between  65°  and  70°;  in  case  the 
entering  air  is  already  near  this  temperature,  the  damper  is  so 
adjusted  that  the  entering  air  passes  underneath  the  tempering 
coil  and  through  the  by-pass. 

The  air-pipe  from  each  fan,  and  through  which  the  air  is 
forced,  is  separated  into  two  pipes,  one  above  the  other.  The 
upper  and  larger  one  contains  a  chamber  in  which  is  placed  a 
number  of  steam-coils  similar  to  the  tempering  coil.  This  is 
called  the  heater,  its  duty  being  to  raise  the  temperature  of  the 
air  passing  through  the  warm-air  pipe  from  65°  or  70°  to  100° 
or  150°. 

The  general  arrangement  of  the  system  is  shown  in  Fig. 
259,  from  which  it  is  seen  that  air  is  taken  in  from  the  outside, 
is  passed  through  or  under  the  tempering  coil  7",  depending 
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Looking  at  Front  Wall 

Fig.  260. — Elevation  showing  Direct  Radiation. 

on  the  position  of  the  damper.  This  damper  may  be  regulated 
as  desired,  either  by  a  thermotsat  or  by  hand.  The  blower  is 
placed  as  shown,  and  serves  to  draw  in  the  air  from  the  out- 
side,   also  to   force   it   over  the  heating  surface  and  into  the 
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Birarm-air  chamber,   also  ihrouyh  an  opening  in  front  of  tlie 

Bieater  and  into  the  cool-air  chamber.      From  the   warm-air 

Kliamber  and  also  from  the  cool-air  chamber  pipes  are  led  to 

^b  vertical  flue  (which  we  will  term  the  mixing  flue),  connecting 

Blrith   the  rooms   to   be  heated.      These  pipes  are  controlled 

ty  a  single  damper,    oi^crated  by  a  thermostat  which  is    so 

adjusted  that  either  the  warm-air  pipe  or  the  cold-air  pipe  can 

be  opened  as  desired,  but  the  total  supply  of  air  cannot  be 

■^hanged  by  any  motion  of  the  damper. 

A  complete  test  of  this  plant  was  described  by  the  author 
I  Vol.   IV   of  the    ■■  Trans.  American  Society  Heating  and 
Ventilating  Engineers."  from  which  the  following  data  and 
i-esults  are  taken. 

The  heating  surface  consisted  of  inch  pipe  screwed  into 
ist-iron  bases  or  manifolds,  arranged  in  five  sections  for  each 
Each  section  had  four  tiers  of  pipe,  and  contained  for 
She  large  fan  954  feet  of  inch  pij>e  and  for  the  small  fan  396 
feet.  One  of  these  sections  was  arranged  as  a  tempering  coil, 
to  warm  the  air  when  required  before  reaching  the  fan,  the 
other  four  sections  were  set  in  the  heater  coil.  The  total 
heating  surface  e.xpressed  in  lineal  feet  of  one-inch  pipe,  4770 
for  the  large  fan  and  1980  for  the  small  fan. 
^^  The  following  table  gives  the  principal  dimensions  of 
^wnachinery : 

^H                                                                                                             Luge  Fan.  Small  Fan. 

^H       Diameler  of  wheel,  itichei S4  44 

^1       Width  at  centre,  inches 36  iS 

^F       Diameter  of  inlet,  inches.. 54  >8 

^^           Discharge  opening,  inches 40X43  SaXM 

Diameter  engine  cylinder,  inches ig  6 

Length  of  stroke,  inches S  S 

1^^         Heating  surface,  lineal  feet 4770  1980 

^L                                         heater,  lineal  feet 3Sl6  1594 

^H                                              tempering  coil,  lineal  leet 954  396 

^V^      Lineal  Icei  of  pipe  per  cubic  toot ta.7  aS.a 

^T>imen*ion<  of  flues  from  fan  : 

Tempered  air.  inches 40x30  41x10.5 

Warm  air.  inches 7JXa8  4(iXI4-»S 

I       Area  ot  flue  in  square  feet : 

I  Tempered  air 5-56  3-o6 

: "■ 
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Vclociiyof  air,  feet  per  mluuie  by  meaturement;      LorgcFan.  Sault  Fm. 

Feb.  13 ass  11B6 

Tempered  air Feb.  as 1400  1073 

Feb.  13 1000  601 

Warm  air ...Feb.  aj isiS  411 

Temperature  outside  air  33*,  Feb.  13.  1S97  : 

Tempered  air 60  63 

W.™.ir ,1.5  ,00 
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The  graphical  results  of  the  test  on  February  25  are  shown 
win  the  two  diagrams,  Figs.  261  and  263, 
The  results  of  a  test  were  as  follows : 

Large  Fan.       Snail  Fso. 

Cubic  feet  of  air  per  minute a  1.000  5. 1  So 

Lineal  feel  of  pipes  per  cubic  fool  per  minute 4.j  3.1$ 

Pressure  in  ounces 7/8  1/31 

Revolutions  per  minute 320  aoi 

Delivered  engine  horse-power S.S  l.oi 

^  Indicated        -  "  8.6  1.5 

^leam  presKure.  pounds si  33 

Temperature  outside  air,  degrees 34  34 

entering  air         "      80  136 

of  rooms  supplied,  degree 70  70 

Heat  supplied  per  minute 4560  5180 

Heat  per  foot  lineal  pipe,  B.  T.  U.  per  minute o.gS  3.26 

Pounds  of  steam  condensed   per  square-foot  beating 

surface  per  hour o.  17  o.^: 

Cubic  feet  of  space  healed 111.734  56,731 

Changes  of  air  per  hour :o.l  5,5 

kCOMPAKISON    OF    RtSULTS    WITH    CAPACITY   AND    POWER    HULIS. 

Cube  of  diameter  of  fan  In  feel 343  4^.9 

Coefficient  for  capacity  rule O.J  0,5 

Capacity  by  rule 33,018  5,350 

Fifth  power  of  diameter  in  feel ". 16,807  663 

D'N'-^i,ooo,ooQ o.:79  0,053 

_     factor  for  horse  power  by  rule 30  20 

^KUorse-power  by  rule 5,37  1,16 

H       It  will  be  noted  that  the  heating  surface  for  the   large  fan 
is   apparently   less   efficient   than    for   the  small  fan;    this  is 
explained  by  the  action  of  the  thermostat,  which  regulated  the 
relative  amount  of  hot  and  tempered  air  to  maintain  a  uniform 
temperature,   and  merely  indicates   that    only  a  portion    was 
utilized  at  the  time  of  the  test.      It  will  also  be  noted  that  the 
lumperature  of  the  air  delivered  by  the  small  fan  was  higher 
f  and  the  pressure  less  than  was  the  case  with  the  large  fan ;  this 
^fil  large  part  was  due  to  the  fact  that  the  small  fan  was  only 
^mn  at  about  two  thirds  its  rated  speed.     The    necessity  for 
ventilation  was  also  less  in  that  portion  of  the  building  heated 
by   the   small   fan.     The   practical   operation   and  use  of  the 
building  has  proved  that  better  results  would  have  been  pro- 
duced had  one  fan  and  heating  system  been  employed  instead 
of  two. 
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176.  Systems  of  Ventilation  without  Heating. — Where 
large  quantities  of  air  are  required,  especially  in  seasons  when 
heat  is  not  needed,  systems  of  ventilation  may  be  constructed 
which  are  independent  from  the  systems  of  heating.  The  cir- 
culation  of  the  air  through  the  building  may  be  produced  either 
by  exhausting  or  rarefying  the  air  in  the  discharge-ducts,  or  by 
delivering  fresh  air  to  the  rooms  under  pressure,  as  described 
for  hot-blast  heating. 

The  air  may  be  rarefied  in  the  discharge-flue  by  heating 
\  either  with  steam  or  hot- water  radiators,  with  an  open  fire- 
I  place  or  a  stove.  When  circulation  is  produced  by  heat,  the 
amount  of  air  moved  will  depend  upon  the  height  of  the  chim- 
ney or  discharge-duct  and  its  temperature,  and  will  be  essen- 
tially as  that  given  in  the  table  on  page  531.  The  air  may  also 
be  extiausted  from  the  building  by  induction,  for  which  may 
be  used  a  jet  of  steam,  water,  or  compressed  air  which  is  de 
livered  from  a  nozzle  into  a  convergent  pipe  of  somewhat  larger 
diameter  and  with  both  ends  open.  A  very  strong  draft  can  be 
produced  in  this  way,  although  at  the  expense  of  more  energy 
than  that  required  to  operate  exhaust  fans  or  blowers.  The 
air  may  also  be  exhausted  by  means  of  a  fan  located  in  the 
main  flue.  In  case  any  of  these  means  for  producing  drafts 
by  exhausting  or  rarefying  the  air  in  the  discharge-ducts  is 
employed,  every  precaution  that  has  been  mentioned  in  regard 
to  chimney-tops  (page  192)  should  be  observed,  otherwise  a 
considerable  portion  of  the  force  may  be  required  to  over- 
come adverse  wind  currents. 

The  general  remarks  regarding  mechanical  heating-systems 
and  also  the  tables  of  dimensions  apply  equally  well  to  this  case. 
The  tables  on  page  63  will  be  useful  in  proportioning  areas  of 
flues  and  registers  for  the  discharge  of  a  given  amount  of  air ;  as 
an  allowance  for  friction  add  one  inch  to  each  lineal  dimension. 

The  blower  system  of  ventilation  has  been  fully  described 
in  the  preceding  chapter  together  with  the  theory  of  fans,  and 
tables  of  capacities  of  various  fans  given  which  are  applicable  to 
this  case.  In  this  system,  as  well  as  in  the  mechanical  system  of 
heating,  especial  care  should  be  taken  that  the  resistances  in 
pipes  and  flues  are  as  small  as  can  be  made,  that  bends  are 
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s  possible. 
W  177-  Heating  with  Refrigerating  Machines.— The  refrig- 
erating machine  is  virtually  a  pump  which  removes  heat  from 
a  body  at  one  temperature  and  discharges  it  at  a  higher  tem- 
perature. Reckoned  on  the  basis  of  heat  transmitted,  it  is  a 
very  efficient  machine,  as  it  may  move  from  a  lower  to  a  higher 
temperature  lo  to  20  times  as  much  heat  as  the  mechanical 
equivalent  of  the  work  performed  ;  in  all  respects  this  machine 
is  the  converse  of  the  steam-engine.  By  utilizing  the  heat 
which  is  discharged  from  a  machine  of  this  character  in  warm- 
ing a  building,  and  also  that  in  the  exhaust  steam  from  the 
ingine  working  the  compressor  pump,  there  is  a  possible  effi- 
fcicncy  many  times  greater  than  that  which  can  be  obtained 
i)y  burning  the  coal  directly,  which  is,  however,  purely  theo- 
retical. 

The  practical  arrangement  of  such  a  machine,  if  using  air 
as  the  working  fluid,  would  be  such  as  to  draw  in  air  from  the 
outside,  compress  it  to  such  a  point  that  its  temperature  would 
be  very  high,  pass  it  through  circulating  pipes  and  radiating 
surfaces  when  still  under  pressure,  and  discharge  into  a  cham- 
ber from  which  the  pressure  has  been  removed,  or  in  the  out- 
side air  after  being  cooled.     If  the  exhaust   steam  could  be 
^_^sed  for  iieating,  such  a   system  would   be  very  economical, 
^^Mthough  it  would  be  costly  and  take  up  considerable  room, 
^^bn  ammonia  refrigerating  machine  might  be  used,  in  which  case 
^^Bie  heat  in  the  compressed  ammonia  could    be  removed   by 
^^firater,  which  would  thus  become  heated  and  could  be  circulated 
^^K>r  the  purpose  of  warming.     The  scheme  of    using  the   re- 
^^\erscd   heat-engine   or   refrigerating   machine   as  a   warming 
machine  was  pointed  out   first   by  Lord  Kelvjn  in  1852.*  and 
although  it  presents  great  advantages  economically,  the  writer 
has  no  data  showing  that  it  has  ever  been  put  to  practical  use. 
178.  Cooling  of  Rooms- — The  converse  operation  of  cool- 
ling  rooms,  although  at  the  present  not  undertaken  except  in 
^c  case  of  cold-storage  plants  and  warehouses,  bids  fair  to  be 
t  some  time  an  industry  of  considerable  importance.     Rooms 

Ptoc,  o(  ihe  Phil.  Soc,  of  Glasgow,  Vol.  Ill,  p.  aOg. 
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may  be  artificially  cooled  by  a  system  constructed  similar  to 
that  described  for  hot-blast  heating.  The  coils  or  radiating 
surface,  however,  would  need  to  be  replaced  by  ice  or  con- 
structed in  such  a  manner  that  ammonia  or  some  liquid  at  a 
very  low  temperature  could  be  circulated.  Over  these  the  air 
could  be  driven,  its  heat  would  be  absorbed,  and  it  could  be 
reduced  in  temperature  to  any  point  desired.  In  lowering  the 
temperature  of  the  air,  a  considerable  amount  of  moisture 
might  be  precipitated,  and  some  means  should  be  provided 
for  artificially  removing  it  without  heating,  otherwise  the  rooms 
would  be  made  damp.  It  may  be  remarked  that  ordinary 
pipe-fittings  cannot  be  used  with  safety  for  ammonia  circula- 
tion, and  that  special  fittings  are  manufactured  for  this  purpose. 
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CHAPTER    XV. 
HEATING  WITH  ELECTRICITY. 

179.  Equivalents  of   Electrical  and  Heat    Energy. — 
Electrical  energy  can  all  be  transformed  into  lieat,  and  as  there 

are  certain  advantages  pertaining  to  its  ready  distribution,  it 
is  likely  to  come  into  more  and  more  extended  use  for  lieat- 
ing,  especially  where  the  cost  is  not  of  prime  importance.  The 
value  of  mechanical  and  electrical  units  has  been  given  on 
page  5,  from  which  it  will  be  seen  that  one  watt  for  one  hour, 
which  is  the  ordinary  commercial  unit  (or  electricity,  is  equal 
to  3.41  heat-units ;  for  one  minute  it  is  1/60  and  for  one  second 
it  is  1/3600  this  amount.  Electricity  is  usually  sold  on  the 
basis  of  rooo*  watt-hours  as  a  unit  of  measurement,  the  watts 
being  the  product  obtained  by  multiplying  the  amount  of  cur- 
rent estimated  in  amperes  by  the  pressure  or  intensity  esti- 
mated in  votts  ;  on  this  basis  looo  w^nt-hours  is  the  equivalent 
of  3410  heat-units.  We  have  considered  in  Ciiapter  III  the 
amount  of  heat  required  per  hour  for  the  purpose  of  warming. 
This  amount  divided  by  3410  will  give  the  equivalent  value  in 
kilowatt-hours  which  would  need  to  be  supplied  for  the  re- 
quired amount  of  heat. 

180.  Expense  of  Heating  by  Electricity. — The  expense 
of  electric  healing  must  in  every  case  be  very  great,  unless  the 
electricity  can  be  supplied  at  an  exceedingly  low  price.  Much 
data  exists  regarding  the  cost  of  electrical  energy  when  it  is 
'Obtained    from    steam-power.     Estimated  f   on   the    basis   of 


hnusand  walls  is  called  a  HloviirU. 
\  The  mechanical  energy  in  one  harse-power  is  equlvalen:  lo  0.707  B.  T.  U. 
p«r  iccond  or  IH5  pcr  hour.     One  pound  o(  pure  carbon  will  give  on  14,500 
Iwu-uniu  by  combustion,  which  if  all  uiili^cd  would  produce  5.7  horse  power 
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present  practice,  the  average  transforniation  into  electricity 
does  not  account  for  more  than  4  per  cent  of  the  energy  in 
the  fuel  which  is  burned  in  the  furnace  ;  although  under  best 
conditions  15  per  cent  has  been  realized,  it  would  not  be  safe 
to  assume  that  in  commercial  enterprises  more  than  5  per 
cent  could  be  transformed  into  electrical  energy.  In  transmit- 
ting this  to  a  point  where  it  could  be  applied  losses  will  take 
place  amounting  to  from  10  to  20  per  cent,  so  that  the 
amount  of  electrical  energy  which  can  be  usefully  applied 
for  heating  would  probably  not  average  over  4  per  cent  of 
that  in  the  fuel.  In  heating  with  steam  or  hot  water  or  hot 
air  the  average  amount  utilized  will  probably  be  about  60  per 
cent,  so  that  the  expense  of  electrical  heating  is  approxi- 
mately as  much  greater  than  that  of  heating  with  coal  as  60 
is  greater  than  4,  or  about  15  times.  If  the  electrical  current 
can  be  furnished  by  water-power  which  otherwise  would  not 
be  usefully  applied,  these  figures  can  be  very  much  reduced. 
The  above  figures  are  made  on  the  basis  of  fuel  cost  of  the 
electrical  current,  and  do  not  provide  for  operating,  profit, 
interest,  etc.,  which  aggregate  many  times  that  of  the  fuel. 
With  coal  at  $3.30  per  ton  this  cost  on  above  basis  is  about  .97 
cent  per  thousand  watt-hours.  The  lowest  commercial  price 
quoted,  known  to  the  writer,  for  the  electric  current  was  3 
cents  :  per  thousand  watt-hours  the  ordinary  price  for  lighting 
current  varies  from  10  to  20  cents.  It  may  be  said  that  for 
lighting  purposes  10  cents  per  thousand  watt-hours  is  con- 
sidered approximately  the  equivalent  of  gas  at  $1.25  per  thou- 
sand cubic  feet. 

It  mav  be  a  matter  of  some  interest  to  consider  the  method 
of  computation  employed  for  some  of  these  quantities.  The 
ordinary  steam-engine  requires  about  4  pounds  of  coal  for  each 
horse-power  developed ;  on  account  of  friction  and  other  losses 
about   1.5  horse-power  are  required  per  kilowatt,  or  in  other 


for  one  hour,  in  which  case  one  horse  power  could  be  produced  by  the  combus- 
tion of  0.175  lb.  of  carbon.  The  best  authenticated  actual  performance  is  one 
horse-power  for  1.2  lb.,  corresponding  to  14.6  per  cent  efficiency.  The  usual 
consumption  is  not  less  than  4  to  6  pounds  per  indicated  horse-power,  or  from 
3  to  5  limes  the  above.  A  kiloivatt  is  very  nearly  1^  horse-power,  but  because 
of  friction  and  other  losses  requires  an  engine  of  1.5  indicated  horse-power. 
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words  6  pounds  of  coal  are  required  for  each  thousand  watts 
of  electrical  energy.  In  the  very  best  plants  where  the  output 
is  large  and  steady  this  amount  is  frequently  reduced  20  10  30 
per  cent  from  the  above  figures  in  cost.  The  cost  of  6  pounds 
of  coal  at  $3.33  per  ton  is  one  cent.  To  this  we  must  add 
transmission  loss  about  10  per  cent,  attendance  and  interest  20 
per  cent,  making  the  actual  cost  per  kilowatt  1.3-  cents  per 
our.  As  one  pound  of  coal  represents  from  13,000  to  15,000 
heat-units,  depending  upon  its  quality,  and  one  kilowatt-hour 
is  equivalent  to  3415  heat-units,  if  there  were  no  loss  whatever 
nection  with  transformation  of  heat  into  electricity,  one 
pound  of  coal  should  produce  4  to  5  kilowatts  per  hour  of 
electrical  energy.  This  discussion  is  sufficient  to  show  that  at 
cost  prices  electrical  heating  obtained  from  coal  will  amount 
|4under  ordinary  conditions  to  15  to  20  times  that  of  heating 
th  steam  or  hot  water,  and  at  commercial  prices  which  are 
likely  to  be  charged  for  current  its  cost  will  be  from  2  to  10 
times  this  amount. 

The  following  table  gives  the  cost  of  a  given  amount  of  heat. 
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if  obtained  from  the  electric  current,  furnished  at  different 
prices.  Thus  30,0CX)  heat-units  if  obtained  from  electric  current 
furnished  at  8  cents  per  kilowatt  hour  would  cost  70.28  cents 
per  hour.  The  amount  of  heat  needed  for  various  buildings 
can  be  determined  by  methods  stated  in  Chap.  III. 

There  are  some  conditions  where  the  cost  is  not  of  moment 
and  where  other  advantages  are  such  as  to  make  its  use  desir- 
able. In  such  cases  electricity  will  be  extensively  used  for 
heating. 

For  the  purposes  of  cooking  it  will  be  found  in  many  cases 
that  electrical  heat,  despite  its  great  first  cost,  is  more  econom- 
ical  than  that  obtained  directly  from  coal.  This  is  due  to  the 
fact  that  of  the  total  amount  of  heat,  which  is  given  off  from 
the  fuel  burned  in  a  cook  stove  very  little,  perhaps  less  than 
one  per  cent,  is  applied  usefully  in  cooking:  the  principal  part 
is  radiated  into  the  room  and  diffused,  being  of  no  use  what- 
ever for  cooking,  while  the  heat  from  the  electric  current  can 
be  utilized  with  scarcely  any  loss. 

181.  Formulae  and  General  Considerations. — The  fol- 
lowing formulae  express  the  fundamental  conditions  relating 
to  the  transformation  of  the  electric  current  into  heat : 

C=^.  .    .    .    .    (I)  lV=CE=aR (2) 

kl 
R=^ (3)  H  =  o.2^0R (4) 

iii  =  .0000000956^^.     (5)         ^«  =  3.415^=  3.41 5C'A*  =  3.41  sCiE".     (6) 

In  which  the  symbols  represent  the  following  quantities:  E,  electro- 
motive force  in  volts  ;  C  intensity  of  current  in  amperes  ;  R^  resistance 
of  conductor  in  ohms  ;  /,  the  length  in  metres ;  w,  the  area  of  cross-sec- 
tion in  square  centimetres;  k^  coefficient  of  specific  resistance;  \i\  kilo- 
watts ;  H,  the  heat  in  minor  calories,  and  hi  in  B.  T.  U.  per  second,  h% 
the  heat  in  B.  T.  U.  per  hour. 

The  amount  of  heat  given  off  per  hour  is  given  in  equation 
(6),  and  is  seen  to  be  dependent  upon  both  the  resistance  and 
the  current,  and  apparently  would  be  increased  by  increase  in 
either  of  these  quantities.  The  effect,  however,  of  increasing 
the  resistance  as  seen  by  equation  (i)  will  be  to  reduce  the 
amount   of  current  flowing,  so  that  the  total  heat  supplied 
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would  be  reduced  by  this  change.  On  the  other  hand,  if  there 
were  no  resistance  no  lieat  would  be  given  off,  for  to  make 
^  =  O  in  equation  (6)  would  result  in  making  //,  =  o.  From 
these  considerations  it  is  seen  that  in  order  to  obtain  the 
maximum  amount  of  heat,  the  resistance  must  have  a  certain 
mean  value  dependent  upon  the  character  of  material  used  for 
the  conductor  in  the  heater,  its  length  and  diameter. 

For  purposes  of  heating,  a  constant  electromotive  force  or 

voltage  is  maintained  in  the  main  wire  leading  to  the  heater. 

[A  very  much  less  voltage  is  maintained  on  the  return  wire,  and 

■  the  current  in  passing  through  the  heater  from  the  main  to  the 

■  Teturn  drops  in  voltage  or  pressure.     This  drop  provides  the 
■«ncrgy  which  is  transformed  into  heat. 

The  principle  of  electric  heating  is  much  the  same  as  that 
involved  in  the  non-gravity  return  system  of  steam-heating. 
In  that  system  the  pressure  on  the  main  steam-pipes  is  essen- 
tially that  at  the  boiler,  that  on  the  return  is  much  less,  the 
reduction  of  pressure  occurring  in  the  passage  of  the  steam 
through  the  radiators;  the  water  of  condensation  is  received 
into  a  tank  and  returned  to  the  boiler  bya  steam-pump.     In  a 

t  system  of  electric  heating  the  main  wires  must  be  sufficiently 
large,  to  prevent  a  sensible  reduction  in  voltage  or  pressure 
between  the  dynamo  and  the  heater,  so  that  the  pressure  in 
them  shall  be  substantially  that  in  the  dynamo.  The  pressure 
or  voltage  in  the  main  return  wire  is  also  constant  but  very  low, 
and  the  dynamo  has  an  office  similar  to  that  of  the  steam- 
pump  in  the  system  described,  viz. ,  that  of  raising  the  pressure 
of  the  return  current  up  to  that  in  the  main.  The  power 
which  drives  the  dynamo  can  be  considered  synonymous  with 
Ljhe  boiler  in  the  other  case.  All  the  current  which  passes  from 
ie  main  to  the  return  current  must  flow  through  the  heater. 
Sand  in  so  doing  its  pressure  or  voltage  falls  from  that  of  the 
lin  to  that  of  the  return. 
Thus  in  Fig.  263  a  dynamo  is  located  at  D,  from  which 
^'main  and  return  wires  are  run,  much  as  in  the  two-pipe  system 
of  heating,  and  these  are  so  proportioned  as  to  carry  the  re- 
quired current  without  sensible  drop  or  loss  of  pressure. 
Between  these  wires  are  placed  the  various  heaters  ;  these 
^Btfe  arranged  so  that  when  electric  connection  is  made,  tlicy 


(V. 
: 


412  HEATING   AND    VENTILATING   BUILDINGS. 

draw  current  from  the  main  and  discharge  into  the  return  wire. 
Connections  which  are  made  and  broken  by  switches  take  the 
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place  of  valves  in  stearii-lieatiny.  no  current  flowing  when  tW 
switches  are  open. 

The  heating  effect  is  proportional  to  the  current  flowing, 
and  this  in  turn  is  affected  by 
the  length,  cross-section,  and 
relative  resistance  of  the  ma- 
terial in  the  heater.  The  resist- 
ance is  generally  proportioned 
such  as  to  maintain  a  constant 
temperature  with  the  electro- 
motive force  available,  and  the 
ount  of  heat  is  regulated  by 
rcasing  the  number  of  con- 
ductors in  the  heater. 

182.  Construction  of  Elec- 
trical Heaters. — Various  form*. 
af  heaters  liave  been  employed. 
Some  of  the  simplest  consist 
rely  of  coils  or  loops  of  iron 
VAUDKV11.LE  TuBAiRE,  London,  wire  arranged  in  parallel  rows 
so  that  the  current  can  be  passed  through  as  many  \ 
are  needed  to  provide  the  heat  required.     In  other  f' 
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her  forms  4^| 
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Khcse  heaters  tlie  lie;ititig  material  has  been  surrounded  \vith 

Bfire-clay,  enamel,  or  some  relatively  poor  conductor,  and   in 

Kher  cases  the  material  itself  has  been  such  as  to  give  consid- 

^blc  resistance  to  the  current.     It  is  generally  conceded  that 


Biemost<ialisfact»i>ie3ults  are  obtained  with  electrical  as  with 
iier  heaters  by  regulating  the  resistance,  by  change  of  length 
Ind  cross-section  of  the  conductnr,  to  such  an  extent  as  to  keep 
^e  heating  ci)-;  at  a  motlerately  low  temperature.     Some  of 
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tlic  v.iiious  forms  wliich  have  been  useil  are  siiown  it)  the  C 
I"ig.  264  represents  a  portable  form  of  electrical  heater  UEcdj 
the  Vaudeville  Theatre.  I-ondon.  Fig.  265  shows  the  inlcil 
of  an  office  or  house  heater  made  by  the  Consolidated  \ 
Heating  Co.,  of  Albany.  The  electrical  heating  surface  isn 
in  ihc  latter  by  a  coil  of  wire  wound  spirally  about  an  incd 
buslible  clay  core.     The   casing  is  like  that  for  an   ordind 
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"stove,  and  is  built  so  that  air  nill  Hr;iw  in  at  the  bottom  a 
pass  out  at  the  top. 

Tlie  electricid  heaters  at  the  present  time  arc 
exclusively  in  heating  electrical  cars,  where  current  is  availal 
and  room  is  of  considerable  value.  These  heaters  are  tjeneri 
located  in  an  inconspicuous  place  beneath  the  seats,  their  fi 
cral  f'lrm  being  shown  in  Figs.  366  and  267. 
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183.  Connections  for  Electrical  Heaters. — The  method  of 
wiring  for  electrical  heaters  must  be  essentially  the  same  as  for 
lights  which  require  the  same  amount  of  current.  The  details 
of  this  work  pertain  rather  to  the  province  of  the  electrician 
than  to  that  of  the  steam-fitter  or  mechanic  usually  employed 
for  installing  heating  apparatus.  These  wires  must  be  run  in 
accordance  with  the  underwriters'  specifications,  so  as  not, 
under  any  conditions,  to  endanger  the  safety  of  the  building 
from  fire. 


CHAPTER  XVI. 
TEMPERATURE  REGULATORS. 

184.  General  Remarks. — ^A  temperature  regulator  is  an 
automatic  device  which  will  open  or  close,  as  required  to  pro- 
duce a  uniform  temperature,  the  valves  which  control  the 
supply  of  heat  to  the  various  rooms.  Although  these  regula- 
tors are  often  constructed  so  as  to  operate  the  dampers  of  the 
heater,  they  differ  from  damper-regulators  for  steam-boilers, 
as  described  in  Article  91,  by  the  fact  that  the  latter  are  un- 
affected by  the  temperature  of  the  surrounding  air,  although 
acting  to  maintain  a  uniform  pressure  and  temperature  within 
the  boiler,  while  the  former  are  put  in  operation  by  changes  of 
temperature  in  the  rooms  heated. 

The  temperature  regulator,  in  general,  consists  of  three 
parts,  as  follows :  First,  a  thermostat  which  is  so  constructed 
that  some  of  its  parts  will  move  because  of  change  of  tempera- 
ture in  the  surrounding  air,  the  motion  so  produced  being  used 
either  directly  or  indirectly  to  open  dampers  or  valves,  and  thus 
to  control  the  supply  of  heat.  Second,  means  of  transmitting 
and  often  of  multiplying  the  slight  motion  of  the  parts  of  the 
thermostat  produced  by  change  of  temperature  in  the  room,  to 
the  valves  or  dampers  controlling  the  supply  of  heat.  Third, 
a  motor  or  mechanism  for  opening  the  valves  or  dampers, 
which  may  or  may  not  be  independent  from  the  thermostat. 

In  some  systems  the  thermostat  is  directly  connected  to 

the  valves  or  dampers,  and  no  independent  motor  or  mechanism 

is  employed ;  in  this  case  the  power  which  is  used  to  open  or 

close  the  valves  regulating  the  heat-supply  is  generated  within 

the  thermostat,  and  is  obtained  either  from  the  expansion  or 

contraction  of  metallic  bodies,  or  by  the  change  in  pressure 
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kused  by  the  vaporizing  of  some  liquid  which  boils  at  a  low 
feiAperature.     The  force  generated  by  slight  changes  in  tem- 
perature is  comparatively  feeble,  and  the  motion  produced  is 
generally  very  slight,  so  that  when  no  auxiliary  motor  is  em- 
ployed it  is  necessary  to  have  the  regulating  valves  constructed 
^^o  as  to  move  very  easily  and  not  be  liable  to  stick  or  get  out  of 
^fcrder.     In  most  systems,  however,  a  motor  operated  by  clock- 
^Hrork,  water,  or  compressed  air  is  employed,  and  the  thermostat 
^^s  required  simply  to  furnish  power  sufficient  to  start  or  stop 
this  motor.   The  limits  of  this  work  do  not  permit  an  extended 
historical  sketch  of  many  of  the  forms  which  have  been  tried. 
The   reader  is  referred    to    Knight's    Mechanical    Dictionary, 
"Thermostats,"  and  to  Peclet's  "Traits  du  la  Chaleur," 
[fol.  11,  for  a  description  of  many  of  the  early  forms  used, 
liosc  which  are  in  use  may  be  classified  either  according  to 
general  character  of  the  thermostat  or  the  construction 
\  the  motor  employed  to  operate  the  heat-regulating  valves 
\  follows : 

f  Expansion  or 


xiliary  J 


Moved  by  .vrBu.-.u.s.  ,  clockwork. 

chiinge  of  u   .«.    J   Water. 

L      pressure.  ^  *'°"'''  \   Comprcsed 

185.    Regulators  Acting  by  Change  of  Pressure.— A 
9iange  of  temperature  acting  on  any  liquid  or  gaseous  body 

iises  a  change  in  volume,  which  in  some  instances  has  been 
Itilized  to  move  the  heat-regulating  valves  so  as  to  maintain 
I  constant  temperature.  Fig.  268  represents  a  regulator  in 
which  the  expansion  or  contraction  of  a  body  of  confined  air  is 
utilized  to  control  the  motion  of  the  dampers  to  a  hot-water 
heater. 

insists  of  a  vessel  containing   in  its  lower  portion  a 

icketed  chamber  connected  to  the  hot-water  heater  at  points 

r  different  elevation  so  as  to  secure  a  circulation  from  the 
Jeater  through  the  lower  portion  or  jacket  of  the  vessel  from 
fcto  3.  Above  this  is  a  second  chamber  which  is  covered  on 
vith  a  rubber  diaphragm,  and  which  contains  a  funnel- 

fflped  corrugated  brass  cup.     The  opening  to  the  cup  is  in 
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the  lower  portion  of  the  chamber,  the  top  and  larger  surface 
resting  against  the  rubber  diaphragm.  Enough  water  at 
iitmospheric  pressure  or  alcohol  is  poured  into  the  i 
chamber  through  the  opening  marked  i  to  seal  the  orif 


t^ 


N*-^ 


L 


Fig,  a6S. — Lawlzk  H< 


the  inverted  cup  and  confine  the  air  it  contains.  The 
ulator  acts  as  follows:  The  warm  water  from  the  heater  r 
ing  through  the  lower  chamber  communicates  heat  to  the 
water  or  alcohol  in  the  upper  chamber,  which  in  turn  warms 
the  air  in  the  inverted  cup,  causing  it  to  expand.  This  moves 
the  rubber  diaphragm  and  connected  levers  leading  to  the 
dampers  substantially  as  in  the  damper-regulator  for  steam- 
heaters,  already  described. 

The  Powers  regulator  for  hot-water  heaters  (see  Fig,  269) 
is  somewhat  similar  in  construction  to  the  one  described,  but 
acts  on  a  different  principle.  A  liquid  which  will  vaporize  at  a 
lower  temperature  than  that  of  the  water  in  the  heater  is  placed 
in  the  vessel  communicating  with  the  diaphragm,  in  which 
case  considerable  pressure  is  generated  before  the  water  in  the 
heater  reaches  the  boiling-point.  As  the  water  in  the  heater  is 
usually  under  a  pressure  of  5  to  lo  pounds  per  square  inch,  its 
boiling  temperature  is  from  225  to  240  degrees,  water  of  at- 
mospheric pressure  which  boils  at  212"  can  be  used  in  the  closed 
vessel,  and  will  generate  considerable  pressure  before  that  ] 

heater  boils. 
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The  method  of  construction  is  shown  at  the  right,  in  Fig. 
269, as  applied  to  a  hot-water  heater.  The  diaphragm  employed 
consists  of  two  layers  of  elastic  material  with  compartments  be- 
tween and  beneath  ;  the  lower  one  is  connected  to  the  chamber 


I 
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VA,  which  is  filled  with  water  at  atmospheric  pressure  and  is  sur- 
^rounded  by  the  hot  water  flowing  from  the  heater.    The  water 
1  chamber  A.  being  under  less  pressure,  will  boil  before  that  in 
(the  heater,  and  will  produce  sufficient  pressure  to  move  the 
Idiaphragm  and  levers  so  as  to  close  the  dampers,  before  the 
Water  in  the  heater  reaches  the  boiling-point.     The  compart- 
ment between  the  two  diaphragms  /,  /  is  in  communication 
with  a  vessel  D.  which  in  turn  is  connected  by  a  closed  pipe  E 
^with  a  thermostat,  which  may  be  placed  at  any  point  in  the 
house  and  so  arranged  that  if  the  temperature  becomes  too 
high  in  that  room,  the  dampers  of  the  heater  will  be  closed. 
With  this  apparatus  the  dampers  are  closed  either  by  excessive 
temperature  of  water  at  the  heater  or  too  great  a  heat  in  any 
room.     The  intermediate  compartment  is  only  required  when 
the  dampers  are  to  be  operated   by  change  of  temperature  in 
l^the  rooms. 

The  thermostat  employed  in  this  apparatus  consists  of  a 
ressel  2,  Fig.  269, separated  into  two  chambers  by  a  diaphragm  ; 
me  of  these  chambers,  B,  is  filled  with  a  liquid  which  will 
toil  at  a  temperature  below  that  at  which  the  room  is  to  be 
toaintained;  the  other  chamber,  vJ,  is  filled  with  a  liquid  which 
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F  Thermostat- 


does  not  boil,  and  is  connected  by  a  tube  to  a  diaphragm 
damper-regulator  which  moves  the  dampers  through  the  me- 
dium of  a  series  of  levers. 

rig.  269,  3,  shows  a  transverse  section  and  I  an  elevation 
with  parts  broken  away  of  a  thermostat,  and  Fig.  222  an  ele- 
vation with  attached  ther- 
mometer. The  vapor  of  the 
liquid  in  the  chamber  B  pro- 
duces considerable  pressure 
at  the  normal  temperature 
of  the  room,  and  a  slight 
increase  of  heat  crowds  the 
diaphragm  over  and  forces 
the  liquid  in  the  chamber 
A  outward  through  a  con- 
necting tube  which  leads 
to  the  damper  -  regulator, 
one  form  of  which  has  be< 
described. 
The  damper-regulator  as  applied  to  a  steam-heater  is  pro 
vided  with  a  single  rubber  diaphragm  with  the  parts  arrange^ 
as  shown  in  the  sec- 
tional view  Fig.  271. 
In  this  case  the  liquid 
pressure  is  applied 
above  the  diaphragm, 
its  weight  being  coun- 
terbalanced by  springs 
and  weights,  attached 
to  the  levers. 

The  liquid  used  in 
the  thermostat  may  be  any  which  has  a  boiling  temperature 
somewhat  below  that  at  which  the  room  is  to  be  kept,  Man]| 
liquids  are  known  which  fulfil  this  condition,  of  which  w 
mention  etheline,  bromine,  various  petroleum  distillates,  anhjp 
drous  ammonia,  and  liquid  carbonic  acid.  The  liquids  em- 
ployed in  the  Powers  tliermostat  are  said  to  give  pressures  as 
follows  at  the  given  temperatures: 


Its(J^Il.ATol^ 
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At    60° I 

"        65° 21 

"     70° 4 

"      75° S4 

"     80° 7 

"     90*  10 

"    100° 13 


pound  to  the  square  inch. 


186.  Regulators    Operated    by    Direct    Expansion. — 
Metals  of   various  kinds   expand   when    heated   and   contract 
when  cooled,  and  this  fact  has  often  been  utiUzed  in  the  con- 
l  struction  of  temperature  regulators. 

I  A  single  bar  of  ntetal  expands  so  small  an  amount  that  it  is 
Fof  lillle  value  for  this  purpose  unless  very  long,  or  unless  its 
expansion  is  multiplied  by  a  scries  of  levers.  Several  forms 
have  been  used,  of  which  may  be  mentioned :  a  bent  rod  with 
its  ends  confined  so  that  expansion  tends  to  change  its  curva- 
ture ;  a  series  oi  bent  rods  of  oval  form  resting  on  each  other 
with  the  ends  confined  between  two  fixed  bars;  two  metallic 
bars  having  different  rates  of  expansion  arranged  parallel  and 

^the  variation  in  length  multiplied  by  a  series  of  connecting 
levers  an  amount  sutificienr''to  be  available  in  moving  dampers  ; 
two  strips  of  metal  of  different  kinds  bent  into  the  form  of  an 
arc  and  fastened  together  so  as  to  form  a  curved  bar,  with 
the  metal  which  expands  at  the  greater  rate  on  the  inside,  so 
that  expansion  tends  to  straighten  it  when  heated;  the  differ- 
ence in  expansion  between  an  iron  rod  which  is  not  heated 
and  the  flow-pipe  of  a  hot-water  heater  multiplied  by  means 
of  a  series  of  levers.  The  constructions  described  above 
iiave  all  been  tried  for  the  purpose  of  moving  the  dampers  ol 
^leaters  or  for  opening  and  closing  valves.  In  general,  how- 
[jcver,  they  have  not  proved  satisfactory,  because  of  the  slight 
motion  caused  by  expansion,  and  the  uncertainty  of  operation 
ibtained  with  multiplying  devices. 

Certain  organic  materials  have  the  property  of  bending  or 

curling  when  heated, and  this  has  been  utilized  in  the  construction 

of  the  Howard  regulator.     This  regulator  con.sists  of  a  thcr- 

^^nostat  in    the  form  of  a   plaque  of  triangular  form   Ii  inches 

^wng  and   9  inches  wide   (Fig.  272),  which  is  located  in  any 
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living-room.  As  the  temperature  of  the  room  i 
plaque  bends.  It  is  connected  by  means  of  cords  running  over 
pulleys  to  a  very  light  and  easily  moved  cylinder  damper 
arranged  so  as  to  regulate  both  fire  and  check  drafts.  The 
damper  used  in  connection  with  this 
thermostat  consists  of  a  slotted  cylinder 
rotating  on  the  inside  of  a  tube  which 
leads  in  one  direction  to  the  ash-pit  and 
in  the  other  to  the  smoke-pipe.  A  partN 
tion  separates  the  two  parts  of  the  tub( 
and  the  slots  in  the  cylindric  dampci 
so  arranged  that  when  the  connection  f 
air  to  the  furnace  is  open  the  other  ji 
closed.  aiidi'iW-  versa,  ^  very  slight  moti« 
serving  to  completely  open  or  close  the 
damper.  Tlie  cylinder  damper 
nected  to  the  plaque  by  a  cord,  and  is  so 
arranged  that  the  drafts  are  opened  I 
Ficv.  173.— Howard  the  motion  of  the  thermostat  and  cloM 
TiiKKUOtTATic  Plaque.    , 

by  gravity. 

The  direct  expansion  of  a  liquid  or  of  a  gas  in  a  confined 
vessel  has  also  been  utilized  to  move  a  diaphragm  or  piston 
which  is  connected  by  levers  to  the  dampers  of  heaters,  in 
a  manner  similar  to  that  described  in  the  preceding  article. 
The  writer  at  one  time  constructed  a  regulator  for  a  hot-water 
system  in  which  the  expansion  of  water  in  a  closed  vessel  sur- 
rounding the  return-pipe  was  employed  to  operate  a  damper- 
regulator  similar  to  those  used  in  steam-heating,  page  156. 
P^clet  describes,  regulators  in  which  the  expansion  of  air 
employed  to  move  a  piston  connected  by  cords  and  pulleys  t 
the  dampers. 

187.  Regulators  Operated  with  Motor— General  Type) 
— The  regulators  which  have  been  described  in  the  precedin 
articles  operate  the  regulating  valves  with  a  feeble  force  actinji 
through  a  considerable  range,  or  with  a  considerable  force  act 
ing  through  a  short  distance.  They  are  consequently  liable  tl 
be  rendered  inoperative  by  any  accident  to  the  levers  ( 
connecting  tubes,  or  by  any  cause  which  renders  the  valvi 
difficult   to   operate.      To   overcome  such  difficulties  sevet 
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systems  have  been  devised  in  which  the  power  (or  operating 
the  dampers  should  be  obtained  from  an  independent  source, 
and  in  which  the  work  required  of  the  thermostat  would  be 
simply  that  of  starting  and  stopping  an  uuxiHary  motor.  In 
the  first  systems  of  this  kind  the  motor  employed  was  a  system 
^of  clockwork  which  had  to  be  wound  at  stated  intervals  Jn 
jprder  to  supply  the  force  required  for  moving  the  dampers. 
recent  systems  electricity,  water,  or  compressed  air  is 
Employed  to  generate  the  power  required,  and  in  some  instances 
regulators  are  arranged  to  operate  not  only  the  valves  which 
supply  heat  to  the  rooms,  but  also  the  various  dampers  for  sup- 

I plying  hot  or  cold  air  in  the  ventilating  system. 
In  all  of  the  early  forms  of  this  kind  of  regulator  the 
thermostat  consisted  of  a  tube  of  mercury  or  a  curved  strip, 
made  of  two  metals  of  different  kinds  soldered  together  and 
arranged  so  that  a  given  change  of  temperature  would  pro- 
duce sufficient  motion  to  make  or  break  electric  contact.  A 
current  was  obtained  from  a  battery,  and  connecting  wires  led 
to  the  motor  and  to  the  various  terminals.  When  electric  con- 
tact was  made  at  a  position  corresponding  to  the  highest 
■  temperature,  the  current  would  flow  in  a  certain  direction  and 
H'cause  a  magnet  to  release  a  pawl  which  would  start  a  motor 
^Frevolving  in  the  proper  direction  for  closing  tlie  valves. 
When  the  temperature  fell  below  a  certain  point,  the  thermo- 
stat would  make  electric  connections  so  that  the  current 
would  flow  in  the  opposite  direction  and  cause  the  motor  to 
reverse  its  motion,  thus  opening  the  valve.  It  the  motor  was 
operated  by  water,  the  electric  current  would  open  and  close 
a  valve  in  the  supply-pipe;  if  the  motor  was  operated  by 
electricity,  the  current  from  the  battery  would  move  a  switch 
on  the  wires  leading  to  the  motor. 

The  valves  for  regulating  the  heat-supply  are  made  in  a 
great  variety  of  ways.  Dampers  for  regulating  the  flow  in 
chimneys  or  flues  are  generally  plain  disks,  balanced  and 
mounted  on  a  pivot,  so  that  they  may  be  turned  very  easily; 
globe-  or  gate-valves  are  usually  employed  in  steam-pipes 
and  must,  to  give  satisfactory  service,  either  be  closed  tight 
or  opened  wide,  A  system  in  wliich  steam-valves  are  oper- 
ated requires  much  more  power  than  one  in  which  dampers 
only  are  moved. 


I 
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Many  systems  o(  heat  regulation   employing    motors  are 
in  use  and  are  doubtless  worthy  an  extended  notice,  but  space 
will   only  permit  a  short  description  of  the  one  in  most  ex- 
tensive use  in  the  larger  buildings  of  this  country,  namely, 
Johnson  system  of  temperature  regulation. 

188.  Pneumatic  Motor  System.^ — In  the  Johnson  systent' 
of  heat-regulation  the  motive  force  for  opening  or  closing  the 
valves  which  regulale  the  heat-supply  is  obtained  from  com- 
pressed air  which  is  stored  in  a  reservoir  by  the  action  of  an 
automatic  motor.  The  thermostat  acts  with  change  of  tem- 
perature to  turn  off  or  on  the  supply  of  compressed  air- 
When  the  air-pressure  is  on,  the  valves  supplying  heat  artj 
closed ;  when  off,  they  are  opened  by  strong  springs.  The] 
detailed  construction  of  the  parts  arc  as  follows 

The  compressed  air  is  supplied  by  an  automatic  air-coi 
pressor  which  is  operated  in 
small  plants  by  water-pressure 
and  acts  only  when  the  supply 
of  compressed  air  has  fallen  be- 
low tlie  limit  of  pressure.  The 
external  form  of  the  air-com- 
pressor is  shown  in  Fig.  273.  It 
consists  of  a  vessel  divided  into 
two  chambers  by  a  diaphragm ; 
one  chamber  is  connected  to  the 
water-supply,  the  other  to  the 
atmosphere.  The  water  enter- 
ing on  one  side  crowds  the  dia- 
phragm over  until  a  certain 
position  is  reached  when  the 
supply-valve  is  closed  and  a 
dischai^e-valve  is  opened,  after 
which  the  diaphragm  returns  to 
its  original  place.  The  motion 
of  the  diaphragm  backward  and 

■cs  to  draw  in   and   fJg 
discharge    air    from     the     other 

chamber  in  a  manner  similar  to  the  operation  of  a  piston-pump, 
valves     being   provided  on     both   inlet-  and    discharge- 
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K'When  the  air-pressurc  reaches  a  certain  amount,  the  pump 
tccases  its  opciation. 

An  air-pipe  leads  from  the  air- com  pressor  to  the  thermostat, 
land  another  from  the  thermostat  to  the  diaphragms  in  con- 
tneclion  with  valves  or  dampers.  The  action  of  the  thermo- 
Lstat,  as  already  explained,  is  simply  to  operate  a  minute  valve 
■  for  supplying  or  wasting,  as  necessary,  compressed  air  in  the 
Lpipe  leading  from  the  thermostat  to  the  diaphragm-valves. 

Fig,  274  is  a  sectional  view  of  the    diaphragm-valve,  the 


Icompressed  air  being  admitted  above  the  valve  and  acting 
Imerely  to  close  it.  It  can  also  be  closed  if  necessary  by  hand. 
iThe  compressed  air  can  also  be  made  to  operate  dampers  of 
■which  various  styles  are  used,  and  these  may  be  placed  in  ven- 
Itilating  flues,  hot-air  pipes,  or  smoke-flues,  and  so  arranged  as 
■to  admit  either  warm  or  cold  air  alternately  to  a  room,  as 
may  be  required  to  maintain  a  uniform  temperature.  Fig.  275 
ihows  a  damper  for  two  round  flues,  one  for  cold  air.  the  other 
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for  hot,  connected  to  a  diaphragm  and  arranged  so  that  when 
one  is  open  the  other  will  be  closed. 

This  system  of  heat-regulation  has  been  brought  to  a  very 
Iiigh  degree  of  perfection,  and  if  sufficient  heat  is  supplied  the 
temperature  of  a  room  is  maintained  with  certainty  within  one 
degree  of  any  required  point.  Farther  than  that,  the  system 
is  so  arranged  that  after  all  the  rooms  of  the  house  reach 
the  desired  temperature  the  heat-regulator  then  acts  to  close 
the  furnace-dampers.  The  apparatus  is  in  extensive  use  for 
regulating  temperature  in  the  hot-blast  system  of  heating. 
Fig.  276  shows  the  method  adopted  of  applying  a  damper- 
regulator  to  a  stack  for  indirect  heating  which  is  so  arranged 
as  to  admit  either  warm  or  cool  air  as  necessary  to  maintain 
a  uniform  temperature. 


Fig.  276. — Double  Damper  in  Brick  Duct. 

189.  Saving:  Due  to  Temperature  Regulation. — The  ex- 
pense of  constructing  a  perfect  system  of  heat-regulation  is 
fnet  in  a  short  time  by  the  saving  in  fuel  bills.  The  writer 
recently  examined  the  records  of  the  fuel  consumed  in  a  build- 
ing when  heated  for  a  series  of  years  without,  and  afterwards 
witli,  the  heat-regulating  system.  He  also  examined  the  records 
showing  the  coal  consumed  in  two  buildings  of  exactly  the 
same  size  and  class,  in  the  same  city,  and  as  nearly  as  possible 
\\\X\\  the  same  exposure.  In  both  these  cases  the  saving  was 
somewhat  over  35  per  cent  annually  of  the  cost  of  the  regu- 
lating apparatus. 

The  saving  in  any  given  case  must,  of  course,  depend  upon 
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conditions  and  how  carefully  the  drafts  are  regulated  under 
ordinary  systems  of  operation.  Usually,  when  the  temperature 
is  regulated  by  hand,  the  rooms  are  allowed  to  become  alter- 
nately hot  and  cool,  but  a  greater  portion  of  the  time  they  are 
much  warmer  than  is  necessary,  and  frequently  windoivs  are 
opened  for  the  escape  of  the  extra  heat.  The  maintenance  of 
a  uniform  temperature  for  such  cases  means  a  saving  of  fuel 
by  utilizing  the  heat  better,  and  usually,  also,  by  a  more  perfect 
combustion  of  fuel.  It  would  seem  from  these  considerations 
that  a  reasonable  estimate  of  the  saving  obtained  by  the  use  of 
a  perfect  temperature  regulator,  as  compared  with  ordinary 
regulation,  would  run  from  15  to  35  per  cent  of  the  fuel  bills 
per  year. 

Construction  of  Pneumatic  Thermostat. — The  following 
diagram  and  explanation  will  render  the  principle  of  action  of 


/^ 


Fir,.  177.  — Diagram  ILLUSTHATl^G  the  Pnekmatk.-  Thm 
the  pneumatic  thermostat  as  employed  in  the  Johnson  system 
of  heat  regulation  intelligible. 
^^     Fig.  277  shows  to  different  scales  the  reservoir  for  com- 
^Bressed  air,  a  diagram  of  the  thermostat  and  of  a  diaphragm 
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for  operating  dampers.  The  thermostat  is  drawn  relatively  to 
a  very  large  scale.  The  temperature  regulator  as  a  whole  con- 
sists first  of  an  air  compressor,  as  shown  in  Fig.  273,  or  one  of 
similar  construction,  and  arranged  so  as  to  maintain  a  constant 
pressure  in  air  reservoir  R  or  in  the  pipes  of  the  building. 

The  principle  of  operation  of  the  thermostat  is  illustrated 
by  the  diagram,  although  the  details  of  construction  of  the  act- 
ual instrument  are  quite  different.  Compressed  air  from  the 
reservoir  or  air-pump  passes  through  the  pipe  A  to  the  cham- 
ber By  thence,  if  the  double  valve  ab  is  open,  it  will  pass  out 
through  the  pipe  C  to  the  chamber  V  above  the  diaphragm. 
Its  pressure  then  causes  the  end  X'  of  the  lever  X'X  to  move 
downward.  This  lever  is  connected  to  the  damper  in  such  a 
manner. as  to  close  off  the  supply  of  heat  when  in  the  lowest 
position.  If  the  room  becomes  too  cold,  mechanism  to  be 
hereafter  described  moves  the  valve  ab  into  such  a  position  as 
to  close  the  communication  to  the  compressed  air  in  the  cham- 
ber B  and  open  communication  with  the  atmosphere  at  b.  This 
permits  the  air  to  escape  from  the  chamber  F,  through  the 
pipe  C  and  opening  b,  into  the  air,  the  diaphragm  in  the  lower 
part  of  the  chamber  V  being  moved  upward  by  a  spring  or 
weight  not  shown  in  the  sketch.  Thus  it  is  seen  that  by  mov- 
ing the  double  valve  ab  the  chamber  Fisput  in  communication 
with  the  compressed  air  and  the  damper  moved  to  close  off  the 
heat,  or  with  the  outside  air,  in  which  case  the  pressure  in  the 
chamber  V  is  lessened  and  the  damper  is  moved  by  action  of  a 
weight  or  a  spring  so  as  to  admit  the  warm  air. 

The  mechanism  for  moving  the  valve  ab  consists  of  a 
thermostat  T,  which  may  be  made  of  any  two  materials  having 
a  different  rate  of  expansion,  as  rubber  and  brass,  zinc  and 
brass,  etc.  Connected  to  the  thermostatic  strip  is  a  small 
valve  Ky  so  adjusted  that  when  the  room  is  too  warm  the  valve 
will  be  opened  and  when  too  cold  it  will  be  closed  by  the  ex- 
pansion and  contraction  of  the  thermostatic  strip.  Suppose 
the  room  too  warm  and  the  valve  K  open,  air  then  flows 
through  the  chamber  B,  through  the  filtering  cotton  in  the 
lower  part  of  />',  thence  through  the  small  tube  ^ and  the  valve 
K  to  the  air.  The  small  tube  d  connects  with  an  expansible 
chamber  D  and  opens  back  of  a  small  diaphragm.     When  the 
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f  valve  K  is  open  the  spring  S  forces  the  diaphragm  into  the 
I  contracted  or  collapsed  position,  causing  the  lever  GFio  move 
I  the  valve  ab  so  as  to  put  the  chamber  B  in  communication  with 
chamber  V  and  permit  the  air-pressure  to  close  the  damper 
connected  to  the  lever  X'X.  If,  however,  the  room  becomes 
too  cold,  the  thermostat  T  moves  so  as  to  close  the  valve  K\ 
I  this  stops  the  escape  of  air  from  the  pipe  </and  causes  sufficient 
fcpressure  to  accumulate  under  the  diaphragm  at  D  to  move  the 
I  lever  FG,  so  as  to  move  ab  to  the  left,  thus  cutting  off  the  sup- 
l  ply  of  compressed  air  from  the  chamber  Kand  permitting  the 
■  to  escape  at  b.  It  will  be  noted  that  air  is  continually 
^  escaping  at  ATduring  the  time  the  room  is  too  hot,  but  this  is 
I  a  very  short  interval  as  compared  with  the  entire  time,  and 
I  moreover  the  orifice  at  K  is  exceedingly  small,  so  that  the  loss 
\  of  air  is  quite  insignificant.  It  will  also  be  noted  that  with  this 
I  apparatus  the  damper  is  quickly  moved  from  a  position  fully 
y  open  to  shut,  or  I'ice  versa,  and  that  it  will  not  stand  in  an 
'   intermediate  position  fully  open  or  fully  shut. 

The  manufacturers  of  the  Johnson  thermostat  have  quite 
recently  designed  an  instrument  which  will  move  the  adjusting 
damper  connected  to  the  line  JCX'  slowly  and  will  hold  it  in 
any  intermediate  position  as  desired.  This  is  considered  an 
advantage  for  systems  of  ventilation  in  which  it  is  always  de- 
sired to  admit  the  same  volume  of  air,  but  in  which  the  relative 
amounts  of  hot  and  cold  air  are  varied  to  maintain  the  desired 
temperature. 


CHAPTER   XVII. 
SCHOOLHOUSE   WARMING  AND  VENTILATION. 

190.  General  Remarks. — The  warming  and  ventilation  of 
school  buildings  constitutes  one  of  the  most  important  applica- 
tions of  the  art  and  involves  in  some  one  of  the  varied  classes 
a  practical  exposition  of  all  the  scientific  principles  relating  to 
the  subject.  The  best  general  discussion  of  this  application  of 
the  science  of  heating  and  ventilation  is  to  be  found  in  a 
treatise  written  by  Professor  S.  H.  Woodbridge  of  the  Massa- 
chusetts Institute  of  Technology  for  the  Board  of  Education 
of  the  State  of  Connecticut  in  1898,  and  which  by  permission 
is  here  reprinted. 

191.  Complex  Character  of  the  Problem. — The  principles 
of  warming  and  ventilation  are  essentially  the  same  for  all 
types  of  buildings  in  common '  use  in  cold  climates.  The 
problems  connected  with  their  application  are,  however,  so 
many  and  so  varied  that  they  present  almost  every  possible 
form  of  treatment.  This  chapter,  though  nominally  only  a 
brief  discussion  of  the  principles  of  warming  and  ventilation  as 
applied  to  schoolhouses,  thus  necessarily  includes  the  wider 
aspects  of  the  subject. 

What  the  respiratory  system  is  to  an  animal  the  ventilating 
system  is  to  a  building.  As  the  habits  of  an  animal  determine 
the  type  of  respiratory  system  most  appropriate  to  it,  so  the 
type  and  use  of  a  building  are  the  principal  factors  in  deter- 
mining the  characteristic  features  of  the  ventilating  system 
best  adapted  to  it.  The  large  and  modern  high  school  build- 
ing  presents   a  complex   type  far  removed  from  the  simpler 

patterns  found  in  the  dwelling-house,  the  office  building,  the 
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I  audicnce-Iiall,  the  church,  or  even  the  theatre.     It  presents  an 
f  involved  combination  of  rooms   designed  for  widely  different 
I  purposes,  each   room   requiring  an  equipment  adapted  to  its 
I  special  use,  and  the  building  as  a  whole  demanding  a  treat- 
[  ment  with  proper  reference  to  its  periodic  use  and  its  pecuhari- 
I  ties    of  arrangement   and   exposure.     Between   the   complex 
I  problem  peculiar  to  such  a  building  and  the  simple  one  pre- 
sented by  the  one-room  schooihouse  at  a  country  cross-road 
there  exists  a  range  of  type  completely  filling  the  interval, 
each  step  of  the  gradation  necessitating  a  corresponding  modi- 
fication in  the  method  of,  and  means  for,  ventilation. 

1192.   Three   Objects   Sought. — Three    ends    are    to    be 
sought  in  warm'ng  and   ventilating  work  as  it  relates  to  the 
maintenance    of  vital    energy  at    its    best    by   wasteless    and 
elTective  means.      These   ends    are  hygienic,    economic,   and 
mechanical.      The   hygienic   side   of  such   a  study  is    highly 
important,  and  deserves   more  than  the   passing  notice  to  be 
here  accorded.     Both  ventilation  and  warming  of  buildings  are 
necessary  chiefly  for  hygienic  reasons.     The  economy  and  the 
,  mechanical  efficiency  of  warming  and  ventilating  methods  are 
relatively  minor  and  even  inconsequential  matters.      If,  there- 
llbre,  less  space  is  here  given  to  the  topic  of  first  importance 
■  than  to  those  which  are  secondary,  it  is  because,  in  discussions 
I  to  be  found  elsewhere,  the  hygienic  side  has  been  pressed  upon 
I  public  and  professional  notice,  and  the  economic  and  mechan- 
|.ical  aspects  of  the  problem  have  been  given  minor  attention. 

193.  Relation  of  Pure  Air  to  Vitality. — Air  is  as  essential 

Ito  the  products  of  physical  and    dependent  mental   energy  as 

lit  is  to  the  intensity  and  brilliancy  of  a  candle-flame.     The   ■ 

^physical   energy  of  the  body  is  as  much  the  product  of  the 

KOxidation  of  carbon  within  it  as  the  energy  of  the  engine  is  the 

ftproduct   of  o.xidation    in   the   fires    under   the   boilers.     The  • 

normal  brilliancy  of  a  candle-flame   is    obtained   only  in  the 

irest  air.     The   engine   develops   its    greatest   energy  only 

when  its  fires  are  freely  fed  with  air.     A  withdrawal  of  oxygen 

"om  the  air  in  quantity  equal  to   1/500  of  the  volume  of  the 

lair  reduces  by  1/20  the  luminosity  of  a  candle-flame  burned 

■within  it.     The  quantity  and  intensity  of  vital  energy  suffer  a 

corresponding,  if  not  an  equal  or  even  greater,  change  when 
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protractedly  exposed  to  abnormal  atmospheric  conditions. 
The  breathing  of  impoverished  air  results  of  necessity  in  the 
dulling  of  the  vital  fires  of  the  body  and  of  the  keen  edge  of 
the  intellect.  It  means  a  weakened  body  and  a  dulled  mind. 
A  lowered  vitality  of  the  body,  besides  exposing  it  to  an 
increased  liability  to  communicated,  contracted,  or  constitu- 
tional disease,  also  impairs  its  effectiveness  as  a  vital  mechan- 
ism. The  aggregate  of  physical  and  mental  vitality  lost 
through  ignorant  or  indifferent  regard,  and  even  culpable 
disregard,  of  the  exact  and  delicate  dependence  of  the  activities 
of  body  and  mind  on  the  maintenance  of  a  normal,  including 
atmospheric,  environment,  surpasses  all  common  conception 
or  belief.  That  air  quality  is  fully  as  important  as  food  quality 
in  the  production  of  vital  energy  is  a  conception  which  has  yet 
to  be  borne  in  upon  the  public,  if  not  the  professional,  belief 
and  conscience. 

194.  Limitations  to  the  Supply  of  Pure  Air. — A  rule 
which  may  be  safely  insisted  upon  for  general  adoption  and 
application  is  that  pure  air  should  be  supplied  to  enclosures  in 
the  maximum  rather  than  in  the  minimum  quantity  tolerable. 
Only  two  considerations  should  be  allowed  to  limit  the  quantity 
of  air-supply :  air-draughts  and  bank-drafts. 

Draughtiness  in  air-currents  is  more  dangerous  to  health 
than  the  ordinary  vitiation  of  air  in  badly  ventilated  enclosures. 
On  the  other  hand,  the  warming  and,  under  some  circum- 
stances, the  moving  of  air  in  large  quantities  for  ventilating 
work  is  far  from  costless.  Both  draughtiness  in  air  movement 
and  costliness  in  the  warming  of  air  put,  therefore,  a  deterring 
limit  on  air  quantities  to  be  used  in  practical  ventilating  work. 

195.  Draughtiness  in  Large  Halls. — With  a  given  hourly 
per  capita  air-supply,  the  danger  from  draughtiness  within  an 
enclosure  increases,  approximately,  inversely  as  the  per  capita 
space.  Fortunately,  however,  the  necessity  and  importance 
of  ventilation  are  not  the  same  for  crowded  as  for  sparsely 
occupied  rooms,  being  of  least  account  in  rooms  intermittently 
occupied,  and  of  greatest  account  in  those  most  continuously 
used.  The  length  of  time  for  which  a  person  is  exposed  to 
the  confined  air  of  an  enclosure  is,  therefore,  an  essential  factor 
in  determining  the  proper  rate  of  its  ventilation.     The  harmful 
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^ffecfci  of  short  exposure  to  impure  air  once  a  week  are  small 
hen  compared  with  those  incurred  by  frequent  and  protracted 
exposure  to  such  air.  It  is,  of  course,  in  crowded  audience- 
rooms  which  have  a  small  per  capita  space,  and  to  which  a 
large  per  capita  air-supply  cannot  be  furnished  without  dan- 
gerous risk  of  draught,  that  the  most  impure  air  must  of 
necessity  be  found.  On  the  other  hand,  such  rooms  are  least 
continuously  occupied.  If,  therefore,  danger  is  directly  pro- 
portionate to  the  time  of  exposure  to  impure  air,  the  sensibly 
close  air  of  a  poorly  ventilated  church,  lecture-hall,  concert- 
hall,  or  theatre  may  not  be  productive  of  such  harm  as  the 
purer  air  of  a  better  ventilated,  but  more  frequently  and  longer- 
occupied,  schoolroom.  By  helpful  coincidence,  therefore,  the 
most  difficult  rooms  to  ventilate  freely  are  those  least  requiring 
such  ventilation,  inasmuch  as  they  are  least  used,  and  when 
used  are  occupied  for  only  short  periods.  In  effect,  the  time 
of  actual  occupancy  varies  with  the  provided  per  capita  space; 
and.  for  equal  hygienic  results,  the  per  hour  and  per  capita  air- 
Bupply  required  also  vary  in  the  same  manner.  Considering 
only  permanent  effects  on  health,  and  individual  air-supply  of 
looo  cubic  feet  per  hour  furnished  to  a  crowded  audience-hall 
having  but  loo  cubic  feet  space  per  capita,  may.  therefore,  be 
regarded  as  equally  good  ventilation  with  3000  cubic  feet  per 
capita  supply  of  air  per  hour  furnished  to  a  schoolroom  having 
300  cubic  feet  per  capita  space.  For  the  ventilation  of 
crowded  rooms  the  air-volumes  usuable  are  limited  by  draught 
dangers;  and  for  ventilating  less  and  the  least  crowded  rooms 
the  quantities  are  limited  by  the  cost.  It  is  the  office  of  the 
architect  and  the  engineer  to  provide  for  the  rooms  of  the  first 
class  a  maximum  air-supply  with  a  minimum  of  draught;  and 
for  rooms  of  the  second  class  the  freest  ventilation  consistent 
with  reasonable  expense.  To  produce  for  crowded  rooms 
Ventilation  which  shall  be  abundant  and  yet  draughtless.  and 
)r  other  rooms  a  general  ventilation  which  shall  be  effective 
,and  inexpensive,  are  among  the  most  important,  and  oiten 
the  most  difficult,  heating  and  ventilating  engineering  services 
to  be  rendered. 

196,  Means  for  Reducing  Draughtiness. — Thcaudience- 
ihalls   and    larger  lecture-rooms   of   st-lioolhouscs  cannot  gen- 
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erally  be  provided  for  as  perfectly  as  can  similar  rooms  havmg 
fixed  seats  or  desks,  the  usual  or  specially  provided  surface  of 
which  may  be  utilized  for  a  diffusive  entrance  of  large  quantities 
of  air.  The  floors  of  these  large  rooms  must  at  times  be 
cleared  for  drill,  dancing,  and  social  occasions.  Danger  from 
draughts  must,  therefore,  be  reduced  by  dividing  the  inflow 
into  as  many  and  small  and  slow-moving  currents  as  practi- 
cable, and  by  giving  to  the  inlets  such  positions  and  formations 
as  shall  deliver  the  air  in  directions  least  liable  to  produce 
sensible  draughtiness.  The  animal  heat  yielded  by  a  crowded 
audience  is  frequently  more  than  that  lost  through  walls, 
windows,  and  other  means.  The  effect  of  that  heat  is  to  raise 
the  temperature  of  the  auditorium  air  and  to  necessitate  a  tem- 
perature of  air-supply  lower  than  the  temperature  of  the  room. 
Because  of  the  need  of  this  low  temperature,  it  is  desirable  to 
give  to  the  entering  currents  of  air  a  direction  which  shall  as 
much  as  possible  prevent  their  dropping  floorward,  at  least  in 
concentrated  form.  If  the  air-supply  must  be  admitted  through 
wall  apertures,  they  should  be  elevated,  unless  they  are  made 
so  large  as  to  reduce  the  rate  of  inflow  to  or  below  a  linear  rate 
of  30  feet  per  minute.  Even  when  the  wall  openings  are 
elevated,  the  currents  should  be  given  an  initial  upward  direc- 
tion. They  will  thus  take  a  longer  path  before  reaching  the 
floor,  and  will,  therefore,  mix  more  thoroughly  with  the  warm 
air  of  the  room  by  being  longer  in  contact  with  it,  and  by 
flowing  more  diffusively  through  it.  If  the  air-inlets  to  a  room 
of  this  character  can  be  placed  in  the  floor  and  protected  from 
infalling  dirt,  that  position  is  preferable  to  a  wall  location.  In 
general  it  may  be  said  that  wall  inlets  through  which  air  issues 
with  rapid  or  even  moderate  movement  and  at  temperatures 
from  100°  downward  should  be  elevated  well  above  the  head 
plane  for  the  purpose  of  giving  the  currents  a  location  in  the 
unoccupied  parts  of  a  room.  By  means  of  chutes  of  solid  or 
open  material,  the  entering  air  may  be  given  a  slight  or  sharp 
upward  course.  By  completely  covering  the  inlet  with  a 
semi-cylindrical  surface  of  fine  wire  gauze  or  other  impervious 
material,  of  any  size  desired,  the  entering  air  may  be  made  to 
move  radially  from  the  inlet  in  a  more  or  less  horizontal  plane, 
and  with  a  velocity  varying  with  the  extent  of  the  diffusing 
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lurfacc,  and  with  the  volume  of  air  issuing  through  it.  Hy 
idcllecling  plates  or  blades  set  to  separate  the  current  and  to 
3irow  the  entering  air  in  divergent  directions,  the  inflow  may 
;  given  a  radial  direction  from  the  inlet,  both  laterally  and 
ffcrticaliy  if  desired.  Blades  are  preferable  to  gauze,  a^  the 
meshes  of  the  latter  fill,  and,  even  when  clean,  offer  sensible 
%sistance  to  air-flow.  Blades  are  as  effective  in  breaking  up 
the  larger  current  into  a  number  of  divergent  ones,  and  produce 
.  quicker  and  more  thorough  diffusion  of  air  throughout  a 
The  form  of  diffuser  must  be  chosen  with  reference  to 
the  location  and  surroundings  of  llic  inlet.  Properly  made  and 
ised,  diffusers  make  impossible  a  processional  of  air  from  inlet 
Wo  outlet  that  does  no  effective  ventilating  work. 

The  rapidity  of  air-flow  through  supply-flues  has  obviously 
Ifio  necessary  effect  upon  draughtiness  within  rooms.  By  the 
use  of  suitable  diffusing  means,  air,  although  brought  to  the 
Wiffusers  with  a  relatively  high  velocity,  may  yet  by  them  be 
such  reduced  velocity  and  dispersed  movement  as  to 
remove  all  danger  from  this  cause 

197.  Little  Draughtiness  in  Outflowing  Currents — For 
the  protection  against  draught  due  to  outward  movement  of  air 
from  rooms  less  precaution  is  needed.  The  movement  of 
escaping  air  is  slowly  accelerativc  toward  the  location  of  the 
discharge,  the  velocity  of  the  movement  toward  that  point 
decreasing  inversely  as  the  square  of  the  distance  from  ic. 
_The  air-movement,  therefore,  being  convergent  for  a  wide 
range,  is  the  reverse  of  the  divergent  inflow  produced  by  the 
tse  of  deflecting  plates  or  diffusing  surfaces,  and  is  wholly 
mlike  the  concentrated  and  continuous  current  projected  from 
\  supply- register.  It  is  necessary  only  that  the  area  of  the 
lutlcts  should  not  be  too  large,  the  volume  of  air-movement 
1  great,  the  final  velocity  of  air-approach  too  rapid,  and 
that  permanent  sittings  should  not  be  placed  too  near  the  out- 


198.  Air-supply  for  Schoolroom.  —  In  the  case  of  a 
Ichooiroom,  the  per  capita  floor  and  cubic  space  is  generally 
rom  two  to  tlirce  times  tlmt  common  in  well-filled  audience- 
klls.  To  such  a  room,  having  a  cubic  space  of  from  i  l,Ocx> 
%  t2,CX)0  feet,  and  seating  from   forty-five  to  fifty  scholars,  it 
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is  practicable  to  supply  without  draughtiness  and  without  the 
use  of  exceptional  precautionary  means  for  preventing  it,  from 
2000  to  2500  cubic  feet  of  air  per  hour  to  each  occupant,  or  a 
total  hourly  quantity  of  from  100,000  to  125,000  cubic  feet, 
the  larger  quantity  being  more  than  one  sixth  of  the  contents 
of  the  room  per  minute.  When  special  means  are  provided 
for  a  draughtless  entrance  and  removal  of  air  these  quantities 
may  be  largely  increased.  Between  90  and  100  cubic  feet  per 
minute  for  each  sitting  have  been  passed  through  the  class- 
rooms of  a  schoolhouse  equipped  in  accordance  with  modern 
methods,  and  there  was  no  complaint  of  draughts.  Usually, 
however,  the  limit  of  immunity  from  draughts  is  reached  when 
the  rate  of  air-supply  is  brought  up  to  an  equivalent  of  ten 
changes  per  hour. 

199.  Cost. — The  expense  of  ventilation  properly  includes 
the  cost  of  all  special  building  arrangements  and  construction 
provided ;  of  all  special  equipment  for  heat  production  and  air 
warming;  of  power  for  moving,  distributing,  and  removing  the 
air;  of  fuel  for  warming;  and  of  specially  skilled  attendance 
required  above  that  called  for  in  ordinary  heating  work. 

In  reference  to  the  first  of  these  items  it  may  be  said  that 
the  cost  of  adapting  a  building  to  a  rigid  system,  or  to  a  pre- 
cise method  or  theory  of  ventilation,  is  generally  greater  than 
that  of  adapting  a  ventilating  system  to  a  building  planned 
with  reasonable  regard  to  heating  and  ventilating  requirements. 
Flexibility  and  elasticity  belong  more  appropriately  to  a  single 
feature  of  a  building  than  to  the  fundamental  plan.  If  the 
plan  and  the  ventilating  system  are  concurrently  and  har- 
moniously developed,  it  is  generally  possible  to  provide  at 
moderate  cost  an  effective  arrangement  for  ventilating  work. 
If  the  entire  scheme  of  the  building  and  its  system  of  ventila- 
tion are  subordinated  to  rigidity  in  ventilating  methods, 
theories,  or  notions — such  as  those  that  fix  the  exact  and  only 
location  for  fresh-air  inlets  and  outlets,  the  sizes  of  airways, 
the  means  for  air-movement,  the  type,  whether  plenum  or 
\acuuni,  of  the  ventilating  system — the  owner  may  pay  large 
sums  for  a  slight  gain  or  even  an  actual  loss  in  the  efficiency 
of  warming  and  ventilating  work.  In  general  it  may  be  said 
of  this  item  of  cost,  as  also  of  the  efficiency  in  operation  of  the 
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'hole  system  of  ventilation  and  warming,  that  simplicity  of 
arrangement  and  compactness  of  plan  are  the  characteristics 
most  favorable  to  economy. 

The  second  item  named  as  chargeable  to  the  cost  of  venti- 
lation is  the  increased  power  of  the  furnace,  steam,  or  other 
type  of  plant  above  that  required  for  heating  alone.  Limiting, 
for  the  sake  of  brevity,  the  present  discussion  to  the  use  of 
steam  for  warming  and  ventilating  purposes,  it  is  evident  that 
iier  capacities  must  be  larger  for  warming  and  ventilating 
'ork  than  for  warming  alone.  It  is  important,  however,  to 
lOte  the  fact  that  the  needed  increase  in  boiler  power  is  not 
ually  proportional  to  the  amount  of  heat  given  to  the  air  used 
enlilating  work.  The  fuel  cost  of  warming  and  ventilation 
not  correctly  computed  by  adding  the  cost  of  heating  without 
ventilation  to  that  of  ventilation  without  heating.  The  sum 
thus  obtained  is  greatly  in  excess  of  the  actual  cost  when  the 
heating  and  the  ventilating  arrangements  are  designed  and 
Operated  as  parts  of  one  system.  There  is  commonly  a  waste 
in  heating  alone  wliich  may  be  much  reduced  by  proper  and 
effective  ventilation.  By  the  ordinary  and  crude  methods  of 
heating,  both  the  individual  rooms  and  the  different  stories  of 
a  building  are  unequally  warmed.  The  upper  parts  of  rooms, 
especially  of  those  in  the  first  story,  are  overheated  when  the 
lower  parts  arc  at  a  normal  temperature.  The  upper  stories 
of  buildings  arc  overwarmed  when  the  lower  stories  arc  com- 
fortably warmed.  The  average  temperature  of  the  building  ia 
thus  raised  above  what  would  be  required  i(  the  temperature  in 
each  room  and  throughout  the  building  were  uniform.  The 
heat  lost  by  transmission  through  walls  is  proportionally 
increased.  As  a  further  result,  the  norma!  loss  of  heat  by  air- 
leakage  through  the  top  of  the  building  is  rapidly  increased, 
both  because  of  the  higher  temperature  of  the  escaping  air  and 
because  of  the  increased  volume  of  leakage  due  to  the  greater 
pressure  producing  the  leakage  movement.  Windows  in  the 
Ipper  stories  of  overheated  buildings  are  generally  open,  and 
lis  tends  seriously  to  increase  the  rate  of  leakage  loss.  Such 
itflow  of  superheated  air  at  the  top  of  the  building  produces 
corresponding  inflow  of  cold  air  on  the  lower  floors.  This. 
i'to  turn,  necessitates  an   increased  use  of  heat  for  the  proper 
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warming  of  these  flpors.  All  such  excessive  heat  loss  is 
reduced  in  proportion  as  uniformity  of  temperature  throughout 
tiie  building  is  approached.  The  tendency  of  free  and  well- 
planned  ventilation  is  to  produce  such  uniformity  both  in  indi- 
vidual rooms  and  throughout  the  building.  By  maintaining  a 
plenum  condition  in  the  lower  rooms  without  increasing  that 
common  in  the  upper  stories,  the  inward  leakage  of  cold  air  is 
reduced.  If  the  heat  required  to  warm  a  building  to  a  unifonn 
temperature  is  computed  on  the  basis  of  theoretical  loss  by 
transmission  through  walls  and  by  normal  leakage,  it  will  be 
found  that  the  quantity  required  for  continuous  and  generous 
schoolhouse  ventilation  alone  is  from  three  to  four  times  that 
theoretically  needed  for  warming  alone.  In  practice,  however, 
the  gain  made  by  effective  ventilating  work  is  not  uncommonly 
such  that  the  heat  used  for  the  combined  warming  and  ventilat- 
ing work  during  school  hours  exceeds  that  required  for  actual 
heating  alone  by  not  more  than  from  fifty  to  seventy-five  per 
cent.  In  some  exceptional  cases  the  fuel  burned  for  the  com- 
bined work  has  been  found  to  vary  but  little  fi-om  that  pre- 
viously required  for  heating  alone. 

200.  Boiler  Power. — It  is  thus  evident  that  the  increase 
in  the  amount  of  fuel  required  when  ventilating  and  warming 
are  combined  is  much  less  than  it  would  be  if  they  were  treated 
as  separate  items  in  the  cost  of  a  building's  use.  In  the  same 
proportion  the  additional  boiler  power  lequired  is  also  con- 
siderably less  than  might  be  expected.  Assuming  an  average 
of  2;J  boiler  horse-power,  for  each  classroom,  as  necessary  for 
warming  alone — the  equivalent  in  classrooms  of  other  parts  of 
the  building  being  also  included — then  the  average  required 
for  combined  heating  and  ventilating  may  safely  be  taken  as 
5  horse-power  for  each  classroom  and  its  equivalent. 

The  additional  cost  of  ventilating  equipment  used  for 
air-warming,  or  for  indirect  radiating  surface,  varies  greatly 
with  the  mode  of  such  warming.  A  square  foot  of  the  most 
effective  form  of  such  surface  when  exposed  to  rapid  currents 
of  cold  air  passed  over  it,  such  as  may  be  obtained  by  the  use 
of  a  fan,  may  be  made  to  yield  from  six  to  eight  times  the  heat 
available  from  the  same  surface  when  exposed  to  the  quiet  air 
of  a  room.     If,  therefore,  warming  is  entirely  accomplished  by 
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t  carried  to  rooms  by  tlic  ventilating  air  as  a  veliicli;,  it  is 
possible  to  effect  a  very  considerable  saving  in   the   heating 

I  surface,  and  also  to  make  the  heating  system  so  compact  as  to 
avoid  the  use  of  long  and  costly  runs  of  supply  and  return 
piping.  Thus,  by  the  indirect  method,  the  amount  chargeable 
to  heating  work  is  considerably  reduced.  On  the  other  hand, 
in  proportion  as  direct  heat  is  used  and  the  temperature  of 
ventilating  air  is  reduced  to  that  desired  for  rooms,  the  heating 
surface  made  necessary  merely  for  air-warming  becomes  charge- 
able to  ventilating  work.  If  air  is  passed  at  70°  into  rooms 
which  are  kept  at  that  same  tempjcrature,  the  heat  given  to 
the  rooms  by  direct  means  must  be  not  less  than  the  theoretical 
quantity  required  for  their  warming  under  the  conditions  of 
heat  loss  attending  uniform  temperature.  In  general,  in  the 
matter  of  cost  of  equipment,  it  is  true  that  while  the  plan  of 
dealing  with  heating  and  ventilation  as  parts  of  one  system 
undoubtedly  increases  the  cost,  it  does  not  do  so  to  the  extent 
that  might  be  supposed. 

201.   Power    for    Moving    Air     through    Ventilating 
System. — -Air  is  moved  through  a  building  and  its  ventilating 

t system  only  by  some  form  of  power  e.vpcnditurc.  When 
nnconhned  air  is  warmed,  approximately  one  third  of  the  heat 
imparted  to  it  has  no  effect  in  raising  its  temperature,  and  is 
expended  in  the  work  of  expanding  the  air.  That  work  put 
into  and  stored  in  the  air  is,  in  part  at  least,  available  for 
ventilating  purposes.  It  is  that  which  makes  ventilation  by 
gravity  methods  possible,  and,  under  conditions  designed  with 
reference  to  that  end,  wholly  inexpensive  so  far  as  the 
mechanical  side  of  the  problem  is  concerned.  The  working 
h  is  due  to  differences  in  temperature  and  in 
weight  between  tlie  air  inside  and  the  air  outside  of  a  building 
Evarles  through  a  wide  range.  Kven  where  that  pressure  is 
greatest  it  is  yet  so  small  that  a  close  and  dust-iilled  cobweb 
ail  resist  it  and  arrest  air-flow.  When  the  differences  in  tem- 
'peraturc  between  inside  and  outside  air  arc  trifling,  and  when 
the  height  of  ventilating  shafts  is  moderate,  the  actuating  pres- 
sure becomes  so  small  that,  if  full  air-quantities  are  under  such 
ffondicions  to  be  moved  through  them,  either  excessively  large 
Urwayg  must  be  provided,  or  else  the  air  of  the  shaft  must  be 
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heated  to  give  it  the  required  lightness  for  inducing  the  neces- 
sary flow.  When  this  latter  practice  becomes  necessary,  the 
economical  use  of  heat  and  the  greatest  mechanical  effect  are 
secured  when  the  air  is  heated  at  the  lowest  practicable  point 
in  the  flue,  and  when  heat  is  imparted  by  means  which  least 
obstruct  the  freedom  of  air-flow.  To  heat  large  volumes  of  air 
while  they  are  on  the  way  of  escape  from  a  building  is  mani- 
festly wasteful.*  The  practice  of  continuously  warming  the  air 
in  discharge-flues  in  order  to  insure  sufficient  flow  in  cool  and 
moderate  weather,  and  of  placing  the  means  to  secure  tliis 
beyond  either  the  control  or  the  neglect  of  janitors  or  engineers, 
is  a  costly  proceeding.  In  the  usual  practice  the  increased 
velocity  actually  gained  by  such  means  is  small  when  measured 
by  the  heat  expended.  To  change  in  50^  weather  the  rate  of 
air-flow  from  250  to  400  linear  feet  through  a  flue  2  feet  square 
and  49  feet  high  would  require  an  increase  of  30°  in  the  tem- 
perature of  the  flue  air.  To  move  100,000  cubic  feet  of  air  per 
hour  through  that  flue  by  such  an  increase  in  temperature 
would  necessitate  the  burning  of  7  pounds  of  coal,  or  approxi- 
mately 50  pounds  of  coal  per  school  day  for  each  classroom, 
and  all  equivalent  ventilating  work.  Such  a  method  con- 
tinuously used  would  increase  the  fuel  account  for  the  building" 
from  25  to  30  per  cent  above  the  cost  of  warming  the  building 
and  warming  the  air  supplied  for  ventilating  work.  A  method 
involving  this  expense  is  not  consistent  with  economy.  In 
cases,  however,  where  a  necessary  contraction,  contortion,  or 
exceptional  cooling  of  flues  may  jeopardize  draught  effects,  or 
where  for  special  reasons  it  is  desired  to  strengthen  the  local 
draught,  the  heating  of  flue  air  for  accelerating  draught  action 
may,  in  the  absence  of  better  means,  become  economically 
advisable. 

202.  Gravity  Ventilation. — In  planning  a  gravity  method 
of  ventilation,  both  supply-  and  discharge-flues  should  be  made 
large  enough  to  move  the  required  volume  of  air  when  outside 
temperatures  range  from  40°  to  50°,  and  when  the  temperature 
of  the  discharge  air  is  70°.  The  cross-sectional  area  of  such 
flues  should  be  governed  by  the  temperature  of  the  air  in  the 
supply-ducts ;  the  highest  outside  temperatures  for  which  the 
vent-ducts    are    provided;    their    cross-sectional    forms;    the 
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fitraightness  and  smootliness  of  fluen;  the  height  of  tlio  (luc 
■system ;  the  favorable  or  unfavorable  exposure  of  discharge-flue 
tops;  the  freedom  of  air-suppiy  to  the  supply-ilue  system;  and 
the  presence  or  absence  of  means  for  securing  accelerating, 
rather  than  retarding,  effects  of  wind  action.  Since  flues  con- 
structed in  accordance  with  all  these  requirements  would  prove 
excessively  large  as  well  as  costly  in  cold-weather  use,  means 
for  reducing  and  controlling  air-flow  in  such  weather  should  be 
vided.  For  this  purpose  throttling-dampers  should  be 
placed  at  the  top  of  vent-shafts,  or  at  room  connections  with 
Such  shafts,  and  also  at  fresh-air  intakes  for  the  fresh-air  system 
of  flues.  No  general  rule  for  fixing  the  flue  sizes  for  gravity 
work  in  schoolhouses  of  two  and  three  stories  can  be  given. 
Under  the  most  favorable  circumstances  the  conditions  which 
necessarily  affect  flow  rate  are  many  and  varied.  For  supply- 
flues  an  area  ranging  from  3i  square  feet  in  upper  stories  to 
5  square  feet  in  lower  stories  is  recommended,  and  for  vent- 
flues  an  area  ranging  similarly  fr»m  4^  to  6  square  feet.  Flues 
of  these  sizes  will  be  found  better  fitted  for  effecting  desired 
air-movement  and  for  economic  work  than  flues  of  smaller  or 
touch  larger  areas. 

Z03.   Mechanical   Ventilation. — The    superiority   of    the 

so-called  mechanical,  as  compared  with  the  gravity,  method 

of  ventilation  appears  in  the  relatively  small  space  needed  for 

flues,  both  supply  and  discharge ;  in  the  sureness  and  uniformity 

^^of  ventilating  action  through  all  variations  of  weather;  and  in 

^Bthe  low  cost  of  moving  air  through  a  ventilating  system.     Air- 

^Kfvays  in  gravity  methods  must  be  made  from  two  to  three  times 

^Klarger    than    those    required     in    well-arranged     mechanical 

me^ods,    unless   the   rate  of  flow  through   the  flues   by   the 

gravity  method  is  greatly  accelerated  by  heat  used  for  that 

turpose.     The  mechanical,  and,  therefore,  the  money,  waste 

taberent  in  such  a  method  appears  from  the  fact  that  when 

Kaping  air  is  raised  30'^  in  temperature,  each  cubic   foot  of 

hat  air  carries  outward  more  than  one  half  a  thermal  unit— in 

Itork  equivalent,  approximately  400  foot-pounds.     In  a  wH- 

l^esigned  mechanical  system  the  average  requirement  of  work 

Kpended  on  each  cubic  foot  of  air  is  less  than  10  foot-pounds. 

KJnder  these  latter  conditions  the  maximum  power  expenditure 
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would  be  one  horse-power  for  each  200,000  cubic  feet  of  air 
moved  per  hour,  or  one-half  horse-power  per  classroom  and 
its  equivalent  in  other  air-supply  throughout  the  building.  If 
air  is  propelled  through  a  ventilating  system  by  steam-driven 
fans,  and  if  the  engine  steam  is  condensed  by  the  ventilating 
air  which  it  scr\'es  to  warm,  the  cost  of  the  motive  power  used 
is  negligible.  If  the  exhaust  steam  is  wasted,  the  cost  in  fuel 
per  classroom  would  be  2  pounds  per  hour.  If  the  exhaust 
steam  is  utilized  for  warming  purposes,  the  fuel  cost  would  be 
reduced  from  one-fifth  to  one-si .xth  pounds  per  hour  per  class- 
room, as  against  the  7  pounds  above  found  necessary  for  heat- 
ing the  discharge  air  in  vent-flues  through  a  range  of  30"*  in 
temperature.  The  reduction  of  fanwork  to  a  minimum  is  not, 
under  the  circumstances,  important  as  a  matter  of  economy. 
The  main  duct  velocities  may  easily  be  carried  to  and  beyond 
1000  linear  feet  per  minute,  and  the  flow  through  distributing 
and  uptake  flues  to  750  linear  feet.  Between  the  mains  and 
the  branches  a  velocity  of  from  1000  to  i  500  linear  feet  can  be 
provided  for  the  purpose  of  insuring  an  evenness  of  supply  to 
rooms  under  the  ordinary  varying  conditions  of  air-pressure  in 
them  due  to  wind  action.  The  yearly  fuel  cost  per  room  for 
moving  air  by  eflicicnt  fan  power  is,  in  round  numbers,  1 50 
pounds  of  coal,  and  the  yearly  cost  amounts  to  three  fourths 
of  a  cent  per  \'ear  per  capita.  That  cost  may  be  largely 
increased  by  a  malarrangement  of  system,  by  a  contraction 
and  contortion  of  airways,  and  the  consequent  necessity  for 
hi^h  air  velocities  or  pressures,  or  by  the  needless  multiplying 
of  fans.  One  fan  well  placed  and  well  proportioned,  obtaining 
and  delivering  air  through  generously  sized  channels,  may  do 
effective  work  in  the  supply  and  remov^al  of  air  for  a  school 
building  of  from  1,000,000  to  1,500,000  cubic  feet  internal 
capacity.  Wlicn  the  system  is  planned  for  such  work  it  is 
essential  that  the  flues,  whether  discharge  or  supply,  in  that 
part  of  the  system  with  which  the  fan  is  not  directly  connected 
should  be  given  sizes  but  little  under  those  required  for  gravit}' 
work.  Neither  the  plenum  nor  the  vacuum  condition  pro- 
ducible in  rooms  by  a  fan  connection  through  one  set  of  flues, 
either  supply  or  exhaust,  can  be  sufficient  to  produce  in  the 
complementary  flues   the   velocities   maintained   in  those   im- 
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mediately  connected  with  the  fan.  The  interposing  of  a  room 
between  the  two  systems  of  flues  has  tlie  effect  of  greatly 
reducing  the  pressure  available  for  producing  air-flow  through 
that  system  of  flues  with  which  the  fan  or  other  motive  agency 
is  not  connected.  The  pressure-drop  between  the  two  systems 
not  infrequently  reaches  35  per  cent  of  the  initial  amount,  and 
the  resulting  velocity  of  air-flow  through  the  complementary 
flues  falls  to  60  per  cent  of  that  through  the  fan-flues.  If  the 
system  is  plenum,  the  areas  of  discharge-flues  should,  there- 
fore, be  made  from  70  to  roo  per  cent  larger  than  the  supply- 
flues,  according  to  the  plenum  condition  desired  within  the 
affected  rooms. 

204.  Fuel  for  Air-warming. — The  cost  of  fuel  for  air- 
warming,  though  large  in  the  aggregate,  is  small  in  the  indi- 
vidual accounts.  The  cost  depends  on  the  manner  in  which 
fuel  is  burned,  on  the  degree  of  completeness  of  the  transfer  of 
heat  from  combustion  gases  to  air,  on  the  effectivenesa  or 
t  wastefulness  with  which  air  is  used,  and  on  the  quantity  of  air 
■Supplied.     If  fuel  is  so  used  that  8500  thermal  units  per  jwund 

■  of  fuel  are  made  available,  approximately  500,000  cubic  feet 
f  of  air  can  be  warmed  one  degree  by  each  pound  of  coal  burned. 
■When,  therefore,  2400  cubic  feet  of  air  an  hour  are  furnished 

■  to  each  person  for  six  hours  during  each  school  day,  and  for 
;  hundred  and  sixtj-  school  days  per  year,  when  artificial 

intilation  is  required,  the  total  per  capita  yearly  supply  of  air 

Breaches  2,304,000  cubic  feet.     This  quantity  would  be  warmed 

pthrough  one  degree  by  4.6  pounds  of  coal.     The  mean  tem- 

wrature   of  the  New  Kngland   climate  during  the  time  that 

'  srtificial  ventilation  is  required  (from  November  1st  to  June  1st) 

is  nearly  35",  and  the  average  increase  of  temperature  to  be 

given  the  air  during  that  time  to  bring  it  to  70".  or  to  the  tem- 

|.|ierature  required  for  ventilating  work,  is.  therefore.  35".     The 

(iiel  required  for  that  purpose  would  be   1633  pounds,  costing 

htpproximateiy  41   cents.     This  sum.  therefore,  represents  the 

rearly  per  capita  cost  of  generous   schoolroom  ventilation. 

SThere  is  nothing  of  vital  necessity  or  benefit  which  can  be  had 

n  such  large  return  for  so  small  an  outlay,  and  there  is  nothing 

il)r  which  the  average  citizen  and  the  general  public  so  grudg- 

^ly  part  with  money.     The  yearly  fuel  consumption  for  a 
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schoolroom  seating  fifty,  when  the  room  is  fi'eely  ventilated 
for  six  hours  each  day,  should  be  approximately  four  tons. 
The  cost  of  warming  such  a  room  without  ventilation,  prac- 
tically through  fifteen  hours  a  day  through  the  school  year, 
would  be  between  five  and  six  tons.  The  same  would  be  true 
for  all  equivalent  work  in  a  school  building  outside  the  class- 
rooms. Experience  has  demonstrated  the  fact  that,  by  the 
use  of  methods  designed  with  reference  to  greatest  economy, 
and  by  the  employment  of  a  capable  engineer  who  is  interested 
in  rightly  using  the  system  given  to  his  charge,  the  yearly  fuel 
account  per  classroom  and  its  equivalent  may  be  reduced  to 
between  six  and  seven  tons. 

205.  Skilled  Attendance  Required. — There  remains  to 
be  noticed  under  the  general  head  of  the  costs  of  ventilation 
the  necessity  for  better  skilled  and  higher-priced  service  for 
ventilating  than  for  simple  heating  work.  In  the  heating  and 
ventilating  account  the  expense  for  fuel  is  the  one  of  large 
proportion.  The  amount  of  that  item  is  largely  dependent  on 
the  effective  or  wasteful  use  of  coal.  The  skilled  fireman  who 
makes  10  pounds  of  steam  from  each  pound  of  coal  burned 
uses  only  six  tenths  as  much  coal  as  is  heaped  up  under  the 
boilers  by  the  mere  shovclman  who  makes  only  six  pounds  of 
steam  from  each  pound  of  coal.  It  is  the  cheap  and  wasteful 
man  who,  in  the  long  run,  is  costly.  Well-paid  efficiency  is 
here,  as  always,  in  the  line  of  profitable  economy.  Further- 
more, a  man  to  whom  is  to  be  committed  the  duty  of  maintain- 
ing those  atmospheric  and  thermal  conditions  upon  which 
freshness  of  physical  and  mental  activity  are  largely  dependent, 
should  be  chosen  with  care  and  paid  commensurately  with  the 
importance  and  value  of  his  service.  So  to  minimize  that  trust 
as  to  commit  it  to  incompetence  on  the  specious  plea  of 
economv  is  to  invite  failure  and  insure  loss. 

Up  to  this  point  in  the  discussion  of  the  subject  of  vv^arming 
and  ventilation  the  general  items  of  cost  have  been  dealt  with. 
It  is  now  intended  to  set  forth  in  detail  various  opportunities 
for  economy  in  methods  as  illustrated  by  the  special  charac- 
teristics of  schoolhouses.  The  several  means  for  special 
economy  in  the  warming  and  ventilating  of  schoolhouses  will 
accordingly  be  discussed  under  the  following  heads:  successive 
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ventilation;  quick  preparatory  warming;  warming  by  rotation; 

heat  commonly  wasted;  solar  heat;  automatic  control  of  tem- 

I  perature;    double  glazing;    double  sashing;  waste  of  heat  at 

night;    plenum  and  vacuum  methods;   location  of  inlets  and 

[outlets. 

206.  Successive  Ventilation. — The  first  suggestion  made 
1  the  interest  of  economy  relates  to  a  method  for  the  succes- 
;  use  of  one  and  the  same  volume  of  air,  first  for  the  free 
entilation  of  the  least  occupied  parts  of  a  school  building,  and 
then  for  the  ventilation  of  those  rooms  in  which  the  vitiation  of 
air  is  either  excessive  or  else  of  obnoxious  quality.  The  parts 
of  buildings,  especially  in  those  designed  for  use  as  high  or 
normal  schools,  which  are  not  closely  occupied,  frequently 
aggregate  as  much  in  space  as  the  classrooms  themselves. 
.Such  parts  of  a  building  are  generally  continuously  ventilated, 
mgh  perhaps  infrequently  occupied.  No  amount  of  instruc- 
ion  or  training  of  janitors  and  engineers  is  likely  to  result  in 
,  continued  practice  of  opening  and  closing  dampers  or 
agisters,  according  to  the  occupied  or  unoccupied  condition 
Kpf  rooms.  However  carefully  such  precautions  may  be  taken 
p>t  first,  they  are  likely  to  be  eventually  abandoned,  and  the 
utilation  of  the  entire  building  to  become  continuous  during 
school  sessions.  It  is  this  continuous  ventilation  of  large  part.s 
of  the  building  outside  of  classrooms  which  greatly  increases 
the  apparent  cost  of  classroom  ventilation,  and  which  justifies 
the  use  of  economic  methods  for  the  ventilation  of  rooms  not 
X>ntinuously  occupied.  Besides  the  provision  to  be  made  in 
ichool  buildings  of  higher  grade  for  such  rooms  as  audience- 
lalls,  lecture-rooms,  recitation  and  class  rooms,  gymnasiums, 
tnd  laboratories — all  of  which,  when  in  use,  require,  in  the 
wder  given,  increasingly  large  per  capita  supplies  of  air. — are 
the  coat,  lunch,  bath,  lavatory,  and  sanitary  rooms,  and  the 
private  and  retiring  rooms,  each  requiring  its  own  appropriate 
treatment.  Unquestionably,  a  generous  and  continuous  flush- 
ing of  all  these  apartments  with  the  purest  air  would  prove 
hygienically  advantageous  and  financially  disastrous.  In  every 
case   there   is   at   some   point  of  ventilating  work    a   balance 

C  hygienic    gain  and  financial  loss.     The  gain  to  be 
from  ventilating  work  is  not  directly  proportional  to 


I 
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the  air-quantities  employed.  When  no  air  is  furnished  for 
breathing  purposes,  death  is  immediate.  An  air-supply  of  one 
cubic  foot  per  minute  would  barely,  but  uncertainly,  support 
life;  five  cubic  feet  per  minute  continuously  furnished  would 
advance  such  existence  into  the  region  of  sustained  but  low 
vitality;  ten  cubic  feet  would  insure  more  vigorous  but  yet 
curtailed  vitality ;  thirty  cubic  feet  would  advance  it  to  vigor 
and  stability;  while  fifty  cubic  feet  would  round  it  into  a 
robustness  which,  if  the  energizing  effects  of  the  gaseous 
make-up  of  air  are  alone  considered,  would  be  little  improved 
by  still  larger  supplies  of  air.  Only  in  cases  of  special  impuri- 
ties or  of  abnormal  or  disease-producing  contents  given  to,  and 
carried  in,  the  air  of  an  enclosure,  or  in  cases  of  prostrated 
vitality  requiring  the  utmost  opportunity  for  recovery,  is  there 
commensurate  gain  in  providing  more  than  50  cubic  feet  of  air 
per  capita  per  minute  for  breathing  purposes,  provided,  oif 
course,  that  such  air  is  effectively  used.  For  ordinary  school- 
room work  even  that  quantity  cannot  be  safely  urged  unless 
assurance  is  given  of  the  purpose  and  ability  of  its  users  to 
make  ventilation  draughtless. 

207.  Supply  of  Air  for  Rooms  not  Frequently  Occupied. 
— The  quantities  of  air  which  should  be  furnished  by  ventilat- 

• 

ing  means  cannot  be  safely  based  solely  on  the  number  of 
those  to  occupy  the  rooms  to  be  provided  for.  For  reasons 
already  noted,  the  smaller  the  per  capita  space,  the  less  the 
per  capita  air-supply  must  necessarily  be  made.  On  the  other 
hand,  the  larger  the  per  capita  space,  the  greater  the  per 
capita  supply  required  to  maintain  the  agreeable  if  not  the 
wholesome  quality  of  the  air.  The  most  active  and  dangerous 
impurity  in  the  air  of  occupied  enclosures  is  the  matter  of 
organic  nature,  called  effluvia,  thrown  off  by  the  body  through 
its  pores.  That  matter  rapidly  changes  in  character,  passing 
through  a  fermenting  and  decomposing  to  a  putrescent  condi- 
tion. The  longer  it  is  retained  within  a  room,  the  worse  its 
odor  becomes  and  the  more  morbific  its  condition.  The  aims 
of  ventilation  should  be,  as  far  as  practicable,  to  limit  atmos- 
pheric impurities  to  the  location  of  their  origin,  and  to  reduce 
the  quantit}'  and  the  time  of  retention  of  such  impurities  within 
an  enclosure  to  a  minimum.      In  proportion  as  the  per  capita 
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ice  or  an  enclosure  is  greater,  the  quantity  of  such  matter 

intained  in  it  is  large,  the  time  of  its  retention  longer,  antl  its 
character  more  offensive  and  harmful.  It  follows,  therefore, 
that  the  more  sparsely  occupied  rooms  of  a  building  are  those 
to  which  the  largest  per  capita  supply  should  be  furnished. 
Laboratories  in  which  gas  is  burned  and  in  which  vapors, 
fumes,  and  gases  are  generated  in  any  considerable  amount 
outside  of  hoods  also  belong  to  the  class  of  rooms  needing 

ore  air  per  occupant  than  do  classrooms.     The  same  is  true 
gymnasiums,  physical-training   rooms,  and  playrooms,   for 

igorous  physical  exercise  products  a  condition  of  the  body 
calling  for  a  larger  air-supply  than  the  condition  of  repose 
demands. 

208.  Course  of  the  Air-supply. — The  ventilation  of  corri- 
dors should  be  sulTiciently  free  to  fill  them  with  air  suitable  for 
passage  to,  and  use  in,  class  or  other  rooms.  The  continuously 
or  frequently  open  doors  or  transoms  between  corridors  and 
rooms  make  the  continuous  or  occasional  mingling  of  corridor 
air  with  that  of  rooms  probable  and  almost  inevitable.  The 
pa.ssage  from  such  an  accidental  to  an  intentional  use  of  hall- 

lys  for  fresh-air  reservoirs  and  channels  is  both  legitimate 

id  proper.  Playrooms,  lunch-rooms,  gymnasiums,  and  other 
of  their  general  type,  though  intermittently  occupied 
and  sometimes  crowded,  belong,  because  of  their  average  con- 
dition, to  the  sparsely  occupied  class  of  rooms.  Continuously 
and  separately  to  ventilate  then?  on  the  basis  of  the  largest  or 

le    ordinary   numbers   occasionally   occupying    them    would 
[uire  great  volumes  of  air.     Such  rooms  and  parts  of  build- 

igs  may,  however,  be  ventilated  in  series,  or  by  a  successive 
method,  which  will  meet  the  requirements  of  their  shifting 
groups  of  occupants,  and  yet  require  the  use  of  relatively  small 
,Volumes  of  air.       Coat,    bath,    lavatory,    and   sanitary    rooms 

!ed  no  independent  supply  of  purest  air.      Air  pure  enough 
breathing  purposes  in  schoolrooms  is  certainly  suitable  for 

inng  wraps  hung  in  coat-rooms.  The  air  which  passes  out 
from  schoolrooms  through  discharge-fiues  is,  generally  speak- 
ing, as  pure  as  that  surrounding  the  occupants  of  the  rooms. 
Stigmatized  as  foul  only  as  a  matter  of  convenience  to  distin 
guish  it  from  the  air-supply,  it  is  popularly  supposed  to  become 
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SO  by  virtue  of  its  entrance  into  the  way  of  the  outcast. 
Lavatory,  bath,  and  sanitary  rooms  are,  from  a  hygienic  point 
of  view,  most  suitably  treated  when  they  are  atmospherically 
isolated  from  other  parts  of  a  building,  as  when  ventilated  by 
strong  aspirating  currents  which  cause  air  to  move  toward  and 
into  them  from  adjacent  apartments,  and  prevent  air-movement 
from  such  rooms  to  those  apartments.  Classrooms  may  be 
vented,  in  part  at  least,  through  their  coat-rooms.  Lavatory, 
bath,  and  sanitary  rooms  may  take  their  air  from  the  supply 
which  has  done  its  partial  ventilating  work  in  the  hallways, 
playrooms,  and  other  permanently  or  periodically  occupied 
rooms.  For  that  purpose  air  may  be  continuously  supplied  in 
generous  quantities  to  playroooms,  lunch -rooms,  physical- 
training  rooms,  or  gymnasiums,  which  are  in  the  basement, 
and  which  are  occupied  but  a  small  fraction  of  the  time.  From 
these  rooms  the  air  may  be  sent  to  ventilate  the  corridors  of 
the  building,  rather  than  being  immediately  thrown  away. 
The  corridors  are  by  this  means  flushed  with  fresh  air  which 
should  find  egress,  not  through  the  roof  nor  through  outlets  or 
windows  on  the  upper  floor,  but  rather  through  tlie  lavatories 
and  sanitaries.  If  the  air-supply  is  generous  enough,  as  it  may 
be  made  to  be,  it  may  be  sent  from  the  corridors  to  the  class- 
rooms, and  thence  to  the  coat-rooms.  Thus  in  successive 
ventilation  the  movement  of  air  must  be  from  locations  of 
lesser  to  those  of  greater  vitiation,  as  from  playrooms  to  corri- 
dors, from  classrooms  to  coat-rooms,  or  as  from  the  corridors 
through  playrooms  to  sanitary  rooms. 

When  at  recess  scholars  leave  classrooms  for  play-  or  lunch- 
rooms the  conditions  described  above  arc  in  part  temporarily 
reversed.  The  crowds  are  then  in  the  basement,  and  the 
corridor  air  contains  impurities  brought  from  the  crowded 
basement  rooms.  Meanwhile,  however,  the  vacated  class- 
rooms arc  being  flushed  by  their  independent  and  uninterrupted 
air-supply,  and  at  the  same  time  the  large  volume  of  corridor 
air  is  so  diluting  the  impurities  carried  upward  from  the  base- 
ment that  they  become  imperceptible,  if,  indeed,  they  are  at 
all  noticeable  even  in  the  basement  rooms  themselves.  In 
this  successive  method,  then,  basement  rooms  and  corridors, 
sanitary  rooms,  and  coat-rooms  may  be  effectively  ventilated 
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by  moderate  quantities  of  air  as  compared  with  the  volume  that 
would  be  required  if  each  part  were  as  effectively  and  contin- 
uously ventilated  by  independent  means. 

209.  Quick  Preparatory  Warming. — The  heat  quantity 
necessary  for  the   preparatory  warming   of  a   building  varies 

.  greatly  with  the  methods   used.      In  the  first  place,  the  heat 
^expenditure  is  approximately  proportional  to  the  time  given  to 
Lthc  warming  process.     The  quicker  the  process,  the  less  the 
6iel  required.     During  the  process  of  warming,  heat  is  lost  by 
.  transmission  through  walls  and  by  air-leakage.     For  rapid 
leatJng  the  production  and  di.stribution  of  heat  must  be  large 
md    quick,     A    heating    apparatus    of  low    power,    although 
nomical  in  its  first  cost,  is,  in  the  end,  expensive,  because 
unequal  to  such  a  demand.     A  heating  system  successfully 
planned  with  reference  to  maintaining  both  an   internal  tem- 
perature of  70°  against  an  outside  temperature  of  zero,  and  also 
a  generous  ventilation  at  such  times,  is  equal  to  the  demands 
.   of  such  work.     The  continuous  work  which  is  demanded  in  the 
■  ijaising  of  large  volumes  of  air  from   zero  to  70°,  besides  fur- 
Itlishing  heat  to  compensate  for  loss  through  wails  and  by  air- 
llcakage,  is  no  more  than  the  work  of  raising  that  same  air, 
F.whcn   in   rotation,    from   45°   to    115".     The   heating  surface 
twhich  will  raise  1.000,000  cubic   feet  of  air  an  hour  from  zero 
••to  70"  will  not,  however,  if  filled  with  steam  at  the  same  pres- 
■Sure,  raise  that  quantity  of  air  from  45°  to  1  15°.      To  accom- 
l  plish  that,  either  an  increased  steam -pressure  in  the  battery  or 
I  an  extension  of  the  battery  surface  would  be  necessary. 

210.  Warming  by  Rotation. — Next  in  importance  to  the 
(quantity  of  heat  produced  is  the  method  in  which  it  is  used, 
I'^ielatively  little  heat  and  time  are  required  to  warm  the  air  of 

,  building  as   compared  with  the  heat  and  time   needed   for 

warming  walls,  floors,  ceilings,   and  contents.      The  surfaces 

Ifiboiit  and  within  a  room  may  be   cool  or  even  cold,  while  its 

,&u-  is  warm  and  comfortable.     Of  the  heat  yielded  by  direct 

radiation,  appro.ximately  one  half  is  given  to  walls  and  other 

mtfaces  by  radiation,  and  one  half  to  air  by  convection.     Heat 

■Iwought  into  the  rooms  by  inflowing  air  warms  the  air  first, 

KAnd  the  warmed  air  then   raises  the  temperature  nf  walls  and 

KOther   surfaces    by    its    contact  with   them.      The  same    heat 
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quantity,  therefore,  if  delivered  to  a  room  by  air-currents  will 
produce  a  comfortable  temperature  sooner  than  if  it  were 
yielded  to  the  room  by  a  radiating  surface.  The  larger  and 
hotter  the  air-currents  are,  the  more  rapid  the  warming  process 
becomes.  The  warmer  the  air  entering  the  heating  batter}*, 
the  higher  its  temperature  is  on  leaving  it,  and  the  amount  of 
heat  required  to  bring  that  air  to  a  given  temperature  is  corre- 
spondingly less.  A  considerable  gain  is,  therefore,  made 
when,  for  the  purpose  of  warming  a  building,  air  is  taken  from 
the  building  itself,  rather  than  from  the  colder  outside  supply. 
The  method  of  warming  a  building  in  this  way  is  one  of  rota- 
tion :  the  air  is  taken  from  the  building,  heated,  distributed  to 
the  rooms,  and,  after  yielding  considerable  of  its  heat  to  the 
room  surfaces,  is  brought  back  to  the  heating  battery  either 
by  means  of  a  special  arrangement  of  flues,  or  by  the  use  of 
the  corridor-ways  and  stairwells.  Warming  by  rotation  should, 
of  course,  cease  and  ventilation  should  begin  before  a  building 
is  occupied.  The  rotary  method  of  warming  may  be  made 
possible  in  any  warming  and  ventilating  system  by  suitable 
provision  for  it  in  the  building  plans  and  heating  arrangements. 
Its  economic  value  may  be  roughly  stated  as  2  pounds  of  coal 
for  every  degree  of  difference  between  inside  and  outside  air 
temperatures,  and  for  every  1.000,000  cubic  feet  of  air  used  in 
rotation.  Since  the  mean  temperature  of  the  outside  air  in  the 
early  morning  is  much  lower  than  the  daily  average  of  tem- 
perature, the  gain  to  be  made  by  rotation  is  manifestly  large. 
If.  for  example,  35°  represents  the  average  daily  temperature, 
then  25°  may  represent  the  average  early  morning  tempera- 
ture. If  the  average  indoor  temperature  at  the  same  hour  is 
50°,  the  gain  made  by  warming  inside  rather  than  outside  air 
is  thus  25°.  The  saving  of  coal  under  these  circumstances 
would  be  50  pounds  for  every  1.000,000  cubic  feet  of  air 
rotated.  Thus,  if  3.000,000  cubic  feet  each  hour  were  rotated 
for  two  hours,  300  pounds  of  coal  would  be  saved. 

211.  Heat  Commonly  Wasted. — A  continuous  saving  of 
heat  commonly  wasted  may  be  made  by  utilizing  that  given 
off  by  boiler  wails,  the  smoke-flue,  hot-water  tanks,  traps, 
pumps,  engines,  and  other  parts  of  the  apparatus  which  arc 
steam-hot.     The   total    heat    available   from   such  sources   is 
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pometimes  large,  and,  in  exceptional  cases,  has  been  found  to 

U}e  more  tlian  lO  per  cent  of  the  average  heat  quantity  required 

Bbr  vvarming  and  ventilating  work.     If  objections  arc  made  to 

^pe  husbanding  and  utiHzation  of  tliis  heat  because  of  volatile 

^bd  offensive  oils  about  engines  and  pumps,  slovenly  care  of 

^uch    apparatus,    faulty   setting    of    boilers,    and     unsuitable 

methods  of  draught  control,  such  objections  have  not  sufficient 

weight  to  offset  the  advantages  gained  from  saving  this  heat 

usually   wasted.     If  correct    methods  are   employed,   and    if 

janitors  are  made  to  attend  to  their  duties,   this  saving  can 

easily  be  made  and  is  of  considerable  value.     Another  form  of 

heat  usually  wasted  is  the  spare  heat  of  boiler-gases  escaping 

through  the  smoke-pipe.     This  may  be  used  for  strengthening 

draughts  through  vent-stacks,   and  thus  the  making  of  heat 

t especially  for  that  purpose  is  rendered  unnecessary.  This 
Spare  heat  may  also  be  made  available  for  strong  ventilation 
of  sanitary  rooms  or  any  other  equally  important  work.  For 
this  purpose  the  chimney  and  the  ventilating-stack  about  it 
should  be  designed  with  reference  to  the  transfer  of  the  needed 
amount  of  heat  from  the  combustion  gases  to  the  vent-flue  air. 
In  all  such  work  care  should  be  taken  not  to  reduce  the  tem- 
perature of  the  combustion  gases  so  as  to  jeopardize  the 
chimney-draught.     Still  another  form  of  heat  usually  wasted 

s  that  of  fires  banked  for  the  night,  this  heat  being  generally 
lexpended  in  useless  steam-making  in    closed   boilers.     Such 

team  may  be  used  in  limited  and  subordinate  parts  of  the 
pleating  system,  as  in  the  foot-warmers,  hallway  coils,  heaters 

1  sanitary  rooms  for  the  protection  of  fixtures  against  freezing, 

tnd  for  other  like  work.     Provision  (or  these  uses  may  be  made 

1  any  steam  system  through  suitable  supply-  and  return-pipe 

»nnections  with  the  boiler. 

212.  Solar  Heat. — Solar  heat  is  a  factor  to  be  regarded  in 
s  planning  of  a  warming  and  ventilating  system.     It  may  be 

lemonstratcd  by  a  properly  protected  thermometer  that  the 
average  day  temperature  of  air  is  higher  on  tlie  soutli  than  on 
the  north   side  of  a  building.     The  difference  often  reaches 

lO",  An  average  of  5°  would  make  it  highly  advantageous  to 
tak^  the  air  for  ventilating  work  from  the  south  rather  than 
from  tile  north  side  of  a  building.      If  an  average  rise  of  35'  is 
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needed  in  the  air  temperature  in  ventilating  work,  then  one 
seventh  of  the  heat  required  for  that  rise  could  be  gained  by 
choosing  a  south  as  against  a  north  location  for  the  inlet. 
Such  a  location  is  possible  only  when  mechanical  ventilation  is 
used,  for  in  gravit>'  work  it  is  necessary  to  place  the  inlet 
on  the  side  of  the  building  toward  the  prevaiUng  winds  of 
winter. 

213.  Automatic  Control  of  Temperature. — From  a  hy- 
gienic point  of  view  the  close  regulations  of  the  temperature  of 
a  building  is  important ;  and  from  an  economic  point  of  view 
it  is  even  more  important,  when  the  air-volumes  used  are  large. 
Such  regulation  cannot  be  safely  entrusted  to  teachers  who, 
absorbed  in  their  work,  fail  to  note  a  change  in  temperature 
until  it  becomes  sufficiently  extreme  to  extort  notice.  A 
radical  and  speedy  change  being  then  called  for,  windows  and 
doors  are  resorted  to  until  rooms  become  chilly.  The  inevi- 
table results  of  such  methods  of  regulating  the  temperature  are 
wasteful  escape  of  heat  and  disastrous  catching  of  colds.  The 
heating  surface  for  the  warming  of  a  building  must  be  made 
sufficient  for  the  demands  of  the  severest  weather.  At  other 
times  only  fractional  parts  of  the  heat  producible  from  it  are 
needed.  The  quantity  of  heat  yielded  by  such  surfaces  may 
be  closely  regulated  by  automatic  means  which  control  either 
the  flow  of  steam  or  hot  water  into  the  heaters,  or  the  propor- 
tions in  which  cold  and  hot  air  are  mixed  to  produce  the  tem- 
peratures required.  Such  control  is  as  essential  to  the  evenness 
of  temperatures  furnished  by  a  heating  system  and  to  the 
economy  of  its  working  as  is  a  governor  to  the  steadiness  and 
the  economy  of  the  working  of  an  engine.  The  importance 
and  reh'abih'ty  of  the  control  in  these  essential  particulars  are 
fully  established.  That  reliable  results  are  obtainable  with  the 
best  forms  of  apparatus  properly  installed,  cared  for,  and  used, 
lias  been  abundantly  demonstrated.  At  the  present  time  the 
cost  of  such  apparatus  for  buildings  of  twelve  rooms  and  more 
should  be  estimated  at  one  twelfth  of  the  cost  of  installing  the 
entire  warming  and  ventilating  system.  Aside  from  the 
undoubted  value  of  a  reliable  system  for  control  of  temperature 
in  protecting  health  and  in  sustaining  vigor,  its  service  in 
economizing  fuel  is  important.     If  pneumatic  pressure  is  used 
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)r  the  automatic  operation  of  valves  and  dampers,  it  will  c 

found  highly  advantageous  to  employ  that  means  lor 
tctuating  remote  and  scattered  valves  and  dampers.  Tliat 
:ration  may  be  effected  from  some  convenient  point  by 
itch-valves,  three-way  cocks,  or  other  means.  Vent-shaft 
^dampers  located  at  different  points  at  the  top  of  a  building  may 
be  opened  and  closed  by  the  turning  of  a  controUing-valve  or 
three-way  cock  in  the  basement.  Steam-valves  controlling 
different  parts  of  the  distributing  system  may  be  similarly 
operated,  and  also  dampers  for  directing  air-f!ow  through  flues 
common  to  several  rooms  or  parts  of  a  building.  Remoteness, 
difficulty  of  access,  number  of  points  to  be  reached,  and  a 
seeming  complication  of  arrangement  are  often  responsible  for 
the  disuse  of  important  parts  of  an  apparatus.  In  the  method 
described,  the  nearness  of  means  and  the  simpHcity  of  use  of 
the  means  make  it  more  likely  that  the  desired  results  will  be 
secured. 

214.  Double  Glazing. — As  heat  loss  through  the  glass  of 
[■windows  is  generally  about  four  times  that  through  equal  areas 

)f  walls,  a  double  glazing  in  windows  is  advantageous.     The 

panes,  thoroughly  clean,  can   be  puttied  in.   one   on  the 

■utsidc  and  one  on  the  inside  of  a  sash,  with  a  space  between 

lem  of  from  one  fourth  to  one  half  of  an  inch.      If  the  work 

ibly  well  done,  the  inside  surfaces  of  the  panes  will 

;main    clean    indefinitely.      Double    glazing   stands   between 

:old  temperature  on  the  outside  of  a  building  and  the  desired 

jmperature  on  the  inside,  and  so  is  as  effective  upon  one  side 

a  building  as  another.      If  day  and  night  are  included,  the 

idifferences  in  temperature  between  the  north  and  south  side  arc 

not  great.     The  savinfj  in  heat  by  double  glazing  can  be  made 

to    approximate    33    per   cent   of  the  heat   escaping   through 

.single-glazed    windows;   the    saving    in  fuel    approximates   . 

)unds  per  hour  for  every  looo  square  feet  of  windows. 

215.  Double  Sashing. — Double  windows  are  more  effective 
"than  double  glazing  in  preventing  heat  waste.     They  protect 

against  both  inside  and  outside  differences  of  temperature,  and 

also  against   (he   inward   leakage  of  cold   air  resulting   from 

due  either  to  inside  and  outside  temperature  differences 

action.     They  are,  therefore,  doubly  serviceable. 
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They  are  more  effective  on  the  prevailing  windward  side  of  a 
building  than  on  its  leeward  side. 

2i6.  Waste  of  Heat  at  Night. — To  carry  over  from  one 
day  to  another  as  much  as  possible  of  the  heat  of  a  building, 
some  of  which  is  stored  in  its  air  and  much  more  in  its  walls, 
the  building  should  be  closed  as  tightly  as  practicable  when 
not  in  use.  The  in-leakage  of  air  through  walls  and  windows 
is  far  more  rapid  than  is  usually  supposed.  Recent  experi- 
ments made  in  a  building  of  ordinary  schoolhouse  construction 
indicate  that  in  mildly  cold  and  quiet  weather  such  leakage 
equals  the  cubic  contents  of  a  room  or  building  approximately 
once  in  each  ninety  minutes.  In  sharply  cold  weather  it  is 
greater,  and  still  more  so  in  windy  weather.  Air-leakage  is 
the  unknown  and  most  disturbing  factor  in  estimating  the 
required  power  of  heating-plants.  Unless  such  leakage  is  to 
be  relied  upon  as  a  factor  in  ventilation,  it  should  be  made  as 
small  as  possible.  To  reduce  loss  of  heat  at  night,  and  when- 
ever the  building  is  closed,  the  vent  flues  or  shafts  should  be 
closed  by  dampers  at  their  tops. 

217.  Plenum  and  Vacuum  Methods. — For  the  same 
reason  discharge^  ventilation  should  not  be  made  in  excess  of 
the  supply.  The  supply  should,  on  the  other  hand,  be  in 
sufficient  excess  of  the  discharge  to  produce  a  slight  pressure 
or  plenum  condition,  particularly  within  the  lower  rooms  of  a 
building.  A  vacuum  condition  within  rooms  augments  the 
inward  movement  of  cold  air  through  walls  and  windows,  and 
tends  to  cold  floors  and  chilly  rooms.  In  cold  climates  the 
proper  warming  of  buildings  in  which  the  ventilation  is  strongly 
or  even  slij^htly  vacuum  is  rendered  more  costly  and  more 
difficult  than  is  justifiable  on  any  other  ground  than  that  of  a 
blindly  consistent  adherence  to  the  vacuum  method  of  ventila- 
tion . 

218.  Location  of  Inlets. — The  efficiency  of  a  ventilating 
system  has  an  important  bearing  on  the  cost  of  obtaining  the 
results  for  which  it  is  provided.  The  air-quantity  used  does 
not  determine  the  thoroughness  of  the  ventilating  work  it 
effects.  As  the  Gulf  Stream  goes  through  the  Atlantic,  so  air 
often  goes  through  schoolrooms,  its  ventilating  eflectiveness 
ranging  as  low  as  from   36  per  cent  to  40  per  cent  out  of  a 
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possible  lOO  per  cent.  The  location  of  outlets  and  the  con- 
centrated or  diffused  movement  of  air  through  rooms  arc  the 
chief  determining  factors  in  the  problem.  The  natural  trend 
of  air-currents  within  a  room  is  downward  over  the  cooling 
surface  of  outside  walls  and  windows.  The  movement  of  that 
slightly  chilled  air  is  then  over  the  floor  toward  the  inner  and 
warmer  walls.  The  trend  of  the  ceiling  air  is  toward  the  outer 
walls  and  tlie  falling  currents.  The  location  of  the  fresh  and 
■warm  air  inlet  is  of  less  moment  than  that  of  the  outlet.  It  is 
wholly  unnecessary  to  carry  the  entering  air  by  flues  to  the 
vicinity  of  the  outer  walls.  No  matter  from  what  point  it 
enters  the  room  its  warmth  keeps  it  at  the  ceiling,  and  the 
ceiling  currents  carry  it  with  certainty  to  the  outer  walls.  If, 
as  this  air  in  its  turn  drops  down  those  walls  and  then  takes 
its  course  over  the  floor,  its  movement  is  to  be  even,  it  must 
J  irom  its  entrance  move  concordantly  with  the  ceiling  currents 
of  the  room.  To  that  end  tt  should  become  a  part  of  tliose 
currents  and  be  thoroughly  mixed  with  them  before  it  reaches 
the  outer  walls.  For  this  reason  the  best  location  for  the  inlet 
is  upon  the  inner  wall  at  a  point  that  shall  be  central  with 
reference  to  the  outside  wall  or  walls.  The  best  treatment  of 
the  inflowing  currents  is  to  diffuse  them  by  means  of  the  fixtures 
described  on  page  .     To  place  the  inlet  in  such  a  position 

iiat  it  shall  throw  its  unbroken    current  athwart  tlie  cooling 
Wall  and  windows,  and  then  impinge  upon  the  opposite  inside 
ior  outside  wall,  tends  to  leave  a  section  of  the  room  under  the 
f'Overhead  current  and  between  it  and  the  outlet  doubtfully  pro- 
[  Vided  for.     Any  arrangement  of  in-put  or  out-take  producing 
I  circling  of  air  about  the  perimeter  of  a  room  from  the  point 
(  of  entrance  to  that  of  escape  is  to  be  avoided  as  wasteful,  how- 
I  ever  picturesque  the  course,  as  seen  in  smoke,  may  be.     When 
I  ventilation  is  free,  the  volume  of  air  used  must  be  large  and  its 
rtemperature    low.       Under    such     circumstances    it    becomes 
Enecessary  to  provide  an  entrance  for  the  air  which  shall   not 
'  expose  the  occupants  of  rooms  to  draughts,      For  this  reason 
it  is  advisable  and  generally  necessary  to  place  the  inlet  at 
such  an  elevation  that  currents  produced  in  the  rooms  shall  be 
^■ifn  their  upper  parts.     A  further  advantage  gained    is    that, 
^fcirhen  the  inlet  is  in  this  position,  it  prevents  the  entering  air 
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from  passing  through  the  lower  strata  of  air,  which  are  gen- 
erally less  pure  than  the  upper  strata,  and  from  carrying  a 
considerable  portion  of  such  air  into  recirculation.  On  the 
other  hand,  when  the  ventilating  work  is  light,  the  air-volume 
small,  and  the  temperature  of  the  inflowing  air  high,  or  when 
the  work  of  warming  takes  the  precedence  of  ventilation,  the 
fresh-air  inlet  should  be  placed  near  the  floor  and  the  entering 
air  be  given  a  horizontal,  rather  than  a  vertical,  direction  of 
flow. 

219.  Location  of  Outlets. — If  the  outlet  is  at  the  floor-line 
and  directly  beneath  the  windows  or  the  cooling  walls,  the 
falling  currents  of  cooled  but  purest  air  in  a  room  are  with- 
drawn before  their  most  effective  ventilating  work  can  be  done 
by  their  passage  over  the  floor.  If,  however,  that  air  is  made 
to  traverse  the  lower  part  of  the  room  before  its  escape,  it  is 
brought  into  a  position  for  effecting  the  largest  ventilating 
work.  The  outlet  should  therefore  be  on  the  inner  or  warmer 
wall  side  or  sides  of  the  room.  It  should  be  placed  near  or  in 
the  floor  in  order  to  remove  as  effectively  as  possible  the  air 
which  traverses  the  lower  part  of  the  room  in  the  floor  cur- 
rents, and  in  order  to  prevent  its  rise  at  the  inner  wall  and  its 
re-entrance  into  the  ceiling  current  of  warmer  and  purer  air. 
If  there  is  only  one  outlet,  it  should  be  located  with  reference 
to  the  most  even  movement  of  the  ventilating  current  over  the 
entire  floor.  In  rooms  having  but  one  outside  exposure,  two 
outlets,  so  located  as  to  insure  floor-ventilating  currents  which 
shall  actively  affect  the  inner  corners  of  the  rooms,  are  prefer- 
able to  a  single  vent  centrally  located. 

There  remain  to  be  considered  certain  matters  relating  to 
the  ventilating  and  warming  of  schoolhouses  which  are  of 
sufficient  economic  or  hygienic  importance  to  warrant  a  brief 
discussion  in  this  chapter.  They  arc  special  local  ventilation, 
air  filtration,  air  humidity,  and  methods  of  warming. 

220.  Local  Ventilation. — Strong  local  exhaust  is  required 
in  certain  parts  of  schoolhouse  ventilation.  Where  ventilation 
can  be  effected  by  the  immediate  removal  of  atmospheric  im- 
purities, a  great  gain  is  made  by  doing  so.  Completely  to 
remove  the  smoke  of  an  open  fire  burned  in  a  brazier  placed 
in  the  middle  of  a  room  would  require  a  hundred  or  a  tliousand 
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times  more  air  than  if  that  fuel  were  burned  in  a  fireplace. 
The  air  of  a  chemical  laboratory  may  be  kept  as  clear  as  that 
of  a  classroom  and  with  no  greater  per  capita  supply,  if  all 
fuming  work  is  done  under  hoods.  \\  such  work  is  generally 
done  in  the  open  rooms,  ten  times  that  volume  of  air  passed 
through  them  might  not  clear  the  air.     The  discharge  from 

^such  rooms  should  be  largely,  if  not  chiefly,  through  the  hoods; 
and    the   airways    through   and    from    the    hoods    should    be 
designed  and  furnished   with   reference  to  that  purpose.     So 
also  the  general  ventilation  of  sanitary  rooms  should  be  largely 
by  means  of  strong  local  dischart^e  through  the  fixtures  of  both 
closets  and  urinais.     If  the  discharge  ventilation  is  not  effected 
Lby  mechanical   means,  the   vent-flues   of  lavatories,   sanitary 
rrooms,    and    hoods    of   lunch-room    ranges   should    be    made 
Kwarmer  than  the  flues  of  other  rooms.      In  this  way  a  move- 
Kpient  of  air  toward  and  into  the   rooms  which  are  to  be  locally 
^ventilated    is    produced,   counteracting    and    overcoming   any 
Conflicting  pull  of  flues  which  discharge  air  from  other  parts  of 
Bthe  building.     The  location  of  chemical  laboratories,  of  kitchen 
BSchoolrooms,  and  of  other  rooms  of  similar  character  should 
1  the  top  floor,  since  the  trend  of  air,  especially  in  cold 
Weather,  is  upward  through  a  building-     When  such  rooms  arc 
Jius  situated,  fumes,  gases,  and   odors  generated  within  them 
Kare  more  completely  confined  to  the  place  of  their  origin  (see 
page  447,  lines  6   to    10)    than  was  ever  possible   when   these 
►rooms  were  placed,  as  was  formerly  the  custom,  in  the  base- 
ment. 

221.  Air  Filtration. — The  importance  of  filtering  air  sup- 
plied to  school  buildings  varies  with  local  conditions.  In 
idusty  or  smoky  localities  such  filtering  may  be  essential  to  the 
Cleanliness  of  a  building  and  to  the  protection  of  its  contents, 
i  hygienic  measure  it  is  not  generally,  if  ever,  necessary  or 
important.  Thoroughly  to  clear  the  air-supply  of  microbic 
dust  by  any  ordinary  means  of  filtration  would  be  impossible 
in  a  large  school  building;  to  do  so  by  any  means  whatever 
would  be  impracticable.  To  remove  even  the  larger  particles 
of  dust  from  such  large  quantities  of  air  by  the  ordinary  or  dry 
1  of  filtration  makes  necessary  such  cxce.ssively  large 
s  of  filtering-cloth,  or  else  so  much  fan  power  to  force  the 
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air  through  the  filters,  that  resort  to  the  method  can  be  advo- 
cated only  with  hesitancy.  If  such  filtering  is  to  be  attempted 
with  any  thoroughness  greater  than  that  required  to  quiet  vague 
apprehension  or  disturbing  imagination,  so  large  an  area  of 
filtering-cloth  should  be  provided  that  the  entire  quantity  of 
air  may  be  filtered  through  it  with  a  flow  rate  of  not  more  than 
2  or  3  cubic  feet  per  minute  through  each  square  foot  of  the 
filtering  surface.  By  doubling  the  air-pressure  produced  by 
the  fan,  the  surface  quantity  may  be  reduced  nearly  one  half. 
In  order  to  filter  the  air  of  a  building  accommodating  six 
hundred  scholars,  the  filtering  surface  to  be  furnished  should 
be,  under  the  conditions  first  assumed,  8ooo  square  feet  for 
schoolrooms  and  some  40Chd  square  feet  for  other  parts  of  the 
ventilation.  Any  filtering  device  used  must  necessarily  be 
made  so  that  a  compact  arrangement  of  the  surface  is  secured, 
and  so  that  the  material  may  be  easily  removed  for  cleansing. 
222.  Air  Humidity. — The  moisture  contained  in  outside 
air  in  winter  weather  is  small.  When  such  air  is  warmed  to 
70°  without  increasing  the  moisture  which  it  contains,  the 
capacity  of  the  warm  air  for  absorbing  additional  moisture  is 
large,  and  evaporation  from  all  moist  surfaces  becomes  rapid. 
The  skin  and  the  mucous  membranes  of  the  mouth,  throat,  and 
nose,  and  the  moist  surfaces  of  the  eye  and  the  ear,  are  more 
or  less  affected,  in  some  persons  with  irritating  and  even 
serious  results.  P2xcept  for  such  consequences,  dry  air  is 
hygicnically  advantageous,  because  of  its  effect  in  retarding 
the  development  and  reducing  the  vitality  of  microbes,  and 
also  because  it  retards  the  decomposition  and  decay  of  organic 
matter.  The  generally  fine  physical  appearance  and  evident 
good  health  and  comfort  of  the  thousands  whose  school  life  is 
spent  in  tlic  relatively  dry  air  of  well-ventilated  buildings,  and 
the  <^cneral  absence  of  complaint  from  them,  must  be  accepted 
as  evidence  of  the  irrational  position  assumed  by  humidity 
hobbyists.  Water  cannot  be  evaporated  either  rapidly  or 
slowly  except  by  heat  expenditure.  For  each  pint  of  water 
evaporated  at  low  temperatures  1000  heat-units  must  disappear 
in  the  process.  To  give  an  out-of-door  June  humidity  to 
1,000,000  cubic  feet  of  air  warmed  through  the  average  range 
of  temperature    required   for  winter   ventilation   would   make 
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Jiecessary  the  evaporation  of  6,00  pounds  of  water  and  the 
|l)umin^  of  some  50  pounds  of  coal.  The  warming  of  that 
■  quantity  of  air  through  the  average  range  of  35°  of  temperature 
I  "Would  require  the  burning  of  75  pounds  of  coal.  The  cost  of 
fmoistening  air  to  that  degree  through  the  school  year  would 
'  therefore  range  from  one  half  to  two  thirds  of  the  coat  of 
warming  it.  The  comforting  assurance  indulged  in  by  some 
persons  that  the  perspired  moisture  given  to  the  air  of  well- 

t filled  rooms  sufficiently  satisfies  hygienic  demands,  overlooks 
both  the  quality  of  that  moisture  as  dermal  sewage,  and  also 
its  quantity,  which  is  but  little  more  than  one  tenth  of  the 
assumed  standard  requirement.  The  delightful  and  invigorat- 
ing character  of  ideal  June  conditions  oi  the  atmosphere  cannot 
se  questioned.  It  by  no  means  follows,  however,  that  such 
conditions  arti5cially  maintained  would  be  either  healthful  or 
satisfactory.  The  more  moist  the  air.  the  larger  the  quantity 
needed  both  for  comfort  and  for  health.  With  outside  air  at 
70°  and  at  normal  moisture,  the  supply  of  2400  cubic  feet  of 
air.  which  is  generous  in  winter  weather,  would  be  intolerably 
meagre.  Such  humidit>'  to  be  endurable  demands  the  open 
windows  and  the  out-of-door  abundance  of  air  that  belong  to 
0une. 

22J.  Method  of  Warming. — The  amount  of  heat  required 
schoolhouse  work  is  fixed  in  each  case.  That  quantity 
fremains  the  same,  by  whatever  simple  or  complicated  form  of 
^paratus  it  is  generated,  and  by  whatever  form  of  surface  it  is 
i^nsferred  to  the  air  of  tlie  building.  Invariably  that  form  of 
Bpparatus  by  which  each  pound  of  fuel  can  be  made  to  produce 
md  yield  the  most  heat,  and  that  arrangement  of  apparatus 
fetiich  will  insure  the  most  effective  and  therefore  the  least 
lra.steful  use  of  heat,  is  the  type  of  highest  economy.  Such 
ionsi derations  must,  however,  be  balanced  against  those  of  the 
irst  cost  of  the  apparatus  itself,  the  cost  of  its  maintenance, 
md  the  cost  of  the  floor -space  and  arrangements  in  the  base- 
■'  incnt  and  in  other  necessary  places.  In  this  light  steam-plants 
or  mechanical  methods  of  ventilation  for  a  one-room  school- 
hou.sc  become  incongruous,  as  also  do  jacketed  stoves  for  a 
building  of  twelve  or  more  rooms.  In  a  general  way,  furnaces 
are  preferable  to  stoves  (or  buildings  of  more  than  one  or  two 


\ 


460  HEATING   AND    VENTILATING  BUILDINGS, 

rooms,  and  steam  apparatus  is  to  be  recommended  rather  than 
furnaces  for  buildings  of  more  than  six  or  eight  rooms.  The 
economical  advantage  of  mechanical  ventilation  begins  when 
the  building  is  large  enough  to  make  the  use  of  steam  advis- 
able. So  far  as  the  effective  and  economical  production  and 
transfer  of  heat  is  concerned,  it  may  be  said  that  the  best  t>''pes 
of  furnaces  are  equal  to  the  best  forms  of  steam  apparatus. 
Such  furnaces  should  have  an  effiectively  arranged  heating  sur- 
face not  less  than  fifty,  and,  if  possible,  one  hundred,  times 
larger  than  the  grate  surface.  The  **  powerful  heaters,*'  with 
their  common  ratios  of  one  of  grate  to  twenty  or  thirty  of 
heating  surface,  produce  shell  temperatures  which  are  inversely 
proportional  to  the  ratios  of  the  grate  and  shell  areas.  Such 
heaters  overheat  the  air,  cook,  char,  or  burn  its  dust,  thus 
sensibly  and  harmfully  affecting  its  quality,  and  give  in  return 
only  doubtful  hygienic  benefits  in  the  way  of  germicidal  results. 
When  steam  or  hot  water  is  used,  the  warming  may  be  either 
wholly  indirect  or  partly  or  entirely  direct.  The  indirect 
method  has  the  advantages  of  restricting  all  heating  surfaces 
and  piping  to  the  basement;  of  compacting  the  heating  system; 
of  reducing  the  heating  surface  required,  when  mechanical 
ventilation  is  used,  to  less  than  half  that  needed  for  obtaining 
the  same  heat  by  direct  radiation ;  of  clearing  the  upper  floors 
of  piping  and  heating  surface;  of  protecting  floors,  ceilings, 
and  walls  of  the  upper  stories  from  damage  by  water-leakage ; 
and  of  issuing  air  into  rooms  at  a  temperature  which  tends  to 
reduce  harmful  draught  effects.  Direct  radiation,  on  the  other 
hand,  when  the  air  is  warmed  only  for  ventilation,  and  for  this 
purpose  is  given  a  temperature  of  from  2**  to  4°  above  that 
desired  for  rooms  to  prevent  its  falling  floorward  with  draught 
effect,  has  the  advantages  of  furnishing  heat  with  sureness 
where  wanted;  of  providing  that  heat  without  ventilation;  of 
reducing  the  cost  of  maintaining  the  warmth  of  rooms  when 
ventilation  is  not  required ;  of  furnishing  more  ready  means  for 
temporarily  warming  single  or  isolated  rooms  without  running 
fans  or  other  ventilating  mechanism  for  the  purpose;  of  pro- 
viding compensating,  radiant,  and  sentient  heat  for  the  heat 
lost  by  occupants  by  radiation  to  cold  window  and  wall  sur- 
faces ;  and  of  counteracting  the  often  too  sharply  chilled  air- 
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currents  from  windows  and  wall  surfaces,  and  so  reducing 
their  tendency  to  chill  floors.  Of  these  two  methods  the  direct 
is  to  be  preferred  chiefly  for  reasons  of  working  economy,  and 
the  indirect  on  aesthetic  grounds  and  on  account  of  the  lower 
cost  of  its  installation. 


CHAPTER  XVIII. 
SPECIFICATION  PROPOSALS  AND  BUSINESS  SUGGESTIONS. 

224.  General  Business  Methods.  —  Nearly  all  heating, 
plants  are  constructed  by  contractors,  who  agree  for  a  specified 
sum  to  install  a  heating-plant  in  accordance  with  certain  speci- 
fications, or,  in  absence  of  specifiations,  one  which  is  guaranteed 
to  fulfil  certain  stipulations  as  to  warming  and  ventilating  in 
any  stress  of  weather.  Specifications  are  prepared  either  by  a 
disinterested  third  party  who  is  thoroughly  familiar  with  the 
subject,  or  by  the  party  submitting  the  proposal.  The  first 
method,  although  not  common  except  in  the  case  of  large 
buildings,  is,  when  the  specifications  are  properly  drawn,  satis- 
factory both  to  the  owner  and  the  contractor.  With  proper 
specifications  estimates  can  be  obtained  from  different  bidders 
on  work  of  the  same  class  and  quantity,  and  this  is  likely  to 
result  in  a  better  quality  of  work,  and  often  in  lower  prices. 
Where  each  contractor  bids  on  his  own  specifications  and 
arranges  for  apparatus  in  accordance  with  his  own  judgment, 
there  will  be  a  very  great  difference  in  the  quality  and  method 
of  construction  proposed,  which  is  likely  to  result  to  the  advan- 
tage of  an  unscrupulous  bidder,  who  would,  if  possible,  use 
cheap  material  and  the  least  possible  quantity  of  heating  and 
radiating  surface.  It  is  for  these  reasons  to  the  advantage 
of  all  concerned  that  full  and  complete  specifications  should  be 
provided  which  will  show,  accurately,  the  character,  amount 
and  quality  of  the  required  work. 

The  specifications  may  be  written  as  a  part  of  the  tender 
for  the  work,  or  as  an  independent  document  to  which  reference 
is  made  in  the  proposals. 

The  specifications  are  often  accompanied  with  drawings 
which  show  the  location  of  all  the  principal  parts  of  the  heat- 
ing apparatus  and  frequently  many  details  of  construction  ;  the 
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drawings  are  considered  in  every  case  a  portion  of  the  specifica- 
tions and  arc  equally  binding  on  the  contractor. 

After  the  bid  has  been  accepted  a  contract  is  drawn  which 
should  contain  a  full  statement  of  the  agreement  between  con- 
tractor  and  owner,  and  of  all  conditions  relating  to  the  method 
of  payment,  penalties,  time  of  completion  o(  work,  etc. 
I  J.  j.  Blackmore  and  J.  G.  Dudley,  New  York,  acting  as  a 
rcommittee  appointed  by  the  National  Association  of  Manu- 
facturers of  Heating  Apparatus,  have  given  the  matter  relating 
to  uniform  specifications  much  study,  and  we  are  indebted  to 
them  for  the  following  discussion,  and  also  for  the  copy  of  the 
■uniform  proposals  here  submitted. 

I  225.  General  Requirements.*—"  It  is  not  within  the  scope 
'of  a  work  such  as  this,  nor  have  the  trade  conditions  in  the 
heating  business  advanced  to  such  a  point,  that  all  the  details 
of  any  or  every  system  can  be  provided  for.  The  following 
proposed  form  for  uniform  standard  specifications,  however, 
covers  the  ground  as  fully  as  can  be  done  at  this  time,  as  is 
shown  by  the  recommendation  by  the  National  Association 
of  Manufacturers  of  Heating  Apparatus,  and  it  generally 
accepted  by  heating  contractors,  manufacturers,  architects, 
investors,  and  the  laymen  installing  steam  or  hot-water  heat- 
ing apparatus,  would  result  in  a  higher  standard  of  excellence. 
[Much   trouble    now  exists  in   securing   best    results,   due   to 

;norance  on  part  of  owner,  architect,  or  contractor,  as  well  as 
unfair  competition  or  unauthorized  substitutions  of  'cheap' 

laterials. 

Any  specification  should  set  forth  unequivocally  and  in 
letail  (as  far  as  feasible)  all  that  the  contractor  is  to  furnish 
ind  exactly  what  is  to  be  accomplished  by  his  guarantee,  which 
ibould  embody  a  standard  of  economy  as  well  as  one  of 
r^fficiency.  The  function  of  the  owner  or  architect  is  to  stipulate 
what  results  must  be  accomplished  according  to  standards  in 
accepted  use,  and  to  give  the  consulting  engineer  (when  char- 
acter of  heating-plant  demands  one)  or  the  contractor  proper 
latitude  as  to  wc///cii^  to  be  pursued.  Further  than  this,  it  is 
the  office  of  owner  or  architect,  in  justice  to  hinisi.ll  and  to 

mpeting  bidders,  as  well  as  to  the  successful  contractor,  to 
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see  that  the  provisions  of  the  specifications  are  carried  out,  and 
that  the  quantity  and  character  of  material  agreed  upon  are 
actually  furnished  and  used.  Certificates  to  that  end  should 
be  demanded  and  given,  if  it  is  deemed  necessary,  since  much 
injury  is  done  to  a  legitimate  and  beneficial  calling  by  what  is 
termed  '  skinning  the  job/  that  is,  agreeing  to  furnish  certain 
things  and  then  by  taking  advantage  of  '  lay '  ignorance  sub- 
stituting inferior  goods  or  omitting  them  outright. 

''  As  already  shown,  the  attainment  of  certain  results  follows 
from,  and  is  accomplished  by,  scientific  and  mathematical  proc- 
esses, whether  actually  figured  and  reasoned  out,  or  arrived  at 
by  '  rule  of  thumb,'  as  many  really  excellent  contractors  are 
known  to  do. 

''  In  illustration,  imagine  a  country  residence  in  course  of 
erection  after  plans  by,  and  under  supervision  of,  a  competent 
architect,  and  note  how  a  proper  heating-plant  is  installed.  To 
begin  with,  the  owner  should  learn  from  his  architect  or  from 
any  other  properly  informed  person  that  the  desired  efficiency, 
sufficiency,  and  results  to  be  procured  by  the  heating  system 
depends  more  on  amount  of  investment  than  on  anything  else. 
For  instance,  the  same  results  can  be  achieved  by  employ- 
ing either  steam  or  water.  The  first  cost,  however,  is  less 
with  steam,  while,  it  is  contended  by  many,  the  running  and 
ultimate  cost  is  less  with  water.  The  reason  for  this  is  that 
with  the  hot-water  system  as  usually  installed,  with  an  open 
tank  for  expansion  of  water,  the  temperature  of  the  heating 
medium  ranges  from  150°  to  200**  F.,  while  with  steam  it 
ranges  from  212°  to  240°  F.;  as  a  consequence  more  radiating 
surface  is  needed  for  the  former  than  for  the  latter. 

**  To  continue  the  illustration,  let  the  owner  select  steam, 
and  also  suppose  that  he  elects  to  have  indirect  heating  on 
ground-floor,  to  obtain  extra  ventilation  (for  be  it  understood 
that  some  ventilation,  accidental  or  otherwise,  is  absolutely 
necessary  to  obtain  right  heating  results),  while  on  the  upper 
floors  he  chooses  direct  heating.  This  done,  it  then  devolves 
on  the  engineer,  contractor,  or  architect  to  determine  the 
respective  amounts  of  heating  surfaces  required  to  warm  the 
several  rooms  to  the  indicated  temperature  according  to  an 
accepted  standard.     Much  harm   at  present  results  from  de- 
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f  manding  and   permitting  tlit  several  bidders  to  estimate  on   I 
different  amounts  of  heating-surface  for  exactly  the  same  work.    ] 

I  Tiic   minimum  amount  should   be    determined    by  some   one    | 

I  Individual,  who  should  be  recompensed  for  this  service,  and  he 
alone  held  responsible  for  this  estimate.     The  owner  or  archi- 

I  tect  should  indicate  on  the  building  plans  where  surfaces  shall    ' 
be  placed,  bearing  in   mind  always  the  room   required   in  the 

I  allotted  spaces  and  also  the  requirements  of  the  system.     This    1 

is  necessary  for  the  contractor  to  know,  since  on   it  depend    1 

the  number  of  his  riser-lines  and  the  amount  of  piping  in  his 

boiler-room.  I 

"  When  feasible,  the  owner  or  architect  should  indicate  all 

[  the  "specialties'  desired  in    the  apparatus,  and  each  bidder 

'  .should  be  compelled  to  figure  as  nearly  as  possible  on  exactly 
the  same  set  of  specifications.  This  method  is  just  to  those 
who  estimate  in  good  faith,  and  usually  closer  and  lower  figures 
will  be  obtained  by  the  owner.  Tlie  contractor,  with  these  data 
before  him,  takes  dimensions  either  from  the  architect's  plans 
r  from  the  measurements  of  the  building  itself;  he  then  com- 

I   putes  the  quantity  and  cost  of  all  materials  which  will  be  used  in 

I  the  completed  apparatus  :  the  method  of  computation  varying 
from  that  of  pure  guesswork  or  shrewd  ■estimating'  to  that 
of  painstaking  measurement  and  actual   figuring  out  of   the 

I  exact  amount  of  stock  required,  together  with  its  purchasable 

I  cost  from  the  trade  catalogues  and  price-lists. 

"To  the  net  cost  for  material,  including  boiler,  radiators, 

I  pipe,  fittings,  valves,  vents,  floor-  and  ceiling-plates,  registers, 
ducts,  covering,  painting,  bronzing,  smoke-pipe,  freight  and 
cartage,  board,  car-fares,  labor,  and  incidentals,  is  added  such  a 
margin  of  profit  as  the  contractor  considers  his  experience, 
reputation,  and  workmanship  are  entitled  to. 
I  "In  justice  to   the   bidders   the  conditions  of   the  award 

■  should  be  clearly  set  forth  beforehand,  and  it  should  be  stated 
whether  this  work  will  go  to  the  lowest  bidder,  or  whether 
a  ■  preference '  (often  justified)  is  to  be  given  a  certain  con- 
tractor. When  it  is  known  that  the  preparation  of  a  set  of 
specifications  and  of  an  estimate  of  cost   is  an  expense,  and 

I  often  not  a  small  one,  to  each  and  every  bidder,  the  injus- 
tice of  requiring  al!  to  bear  this  instead  of  having  it  done 
^^™'--^-  -        —  -   -         -  -    -  ^ 
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once  and  for  all  is  too  evident  for  argument.  It  is  for  this 
reason  that  a  uniform  standard  specification  is  recommended 
by  the  National  Association  of  Manufacturers  of  Heating 
Apparatus. 

"  Suppose  now  the  award  be  made  to  the  lowest  bidder, 
bids  having  been  made  on  the  same  set  of  specifications  which 
embody  full  statements  in  regard  to  requirements  of  the 
completed  plant.  The  owner  (or  architect)  and  the  contractor 
are  then  to  execute  a  proper  contract  for  the  performance  of 
the  work  and  for  the  payments  therefor.  Then  each  should 
be  required  to  fulfil  the  conditions  of  said  contract.  The 
National  Association  of  Master  Steam  and  Hot-water  Fitters 
has  adopted  a  uniform  standard  contract  which  seems  to  meet 
the  requirements  and  is  quite  generally  accepted  in  such  cases. 
The  form  is  given  below  and  may  be  obtained  of  the  secretary 
of  that  association. 

226.  Form  Proposed  by  the  National  Association  of 
Manufacturers  of  Heating  Apparatus. — For  a  steam-heaU 
ing  plant, 

UNIFORM   STANDARD  SPECIFICATION   FOR  A  COMPLETE 

LOW-PRESSURE  STEAM   OR   HOT-WATER 

HEATING  APPARATUS. 

Note. — All  clauses  and  terms  in  this  type  and  enclosed  in  brackets  [] 
apply  only  to  hot  water.  All  clauses  and  terms  in  this  type  and  enclosed  in 
parenthesis  ()  apply  only  to  steam.  Words  in  italics  are  to  be  supplied  in 
each  contract. 

TO   BE  INSTALLED  AND   ERECTED   COMPLETE  IN 

the  three-story  stone  and  frame  residence 

OWNED   BY 

/.  N,  Vest  or.  No,  75  Broadzvay,  New  York  City^ 

LOCATKD    AT 

N,  W.  Corner  of  State  and  Hudson  Street s,  Yonkers^  N,  Y. 

THE   HEATING   SYSTEM 

shall  be  erected  according  to  the  single  pipe  method  of  (steam) 
[water]  heatin^r,  the  (steam)  [water]  to  circulate  (under  a  press- 
ure) [at  a  temperature]  never  exceeding^  {three  (j)  pounds  to  the 
square  inch  at)  [ degrees  F.  in  the  flow-pipes  of]  the  boiler. 
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^B  conveyed  to  heating  surfaces  by  a  system  of  piping  so  erected 
^H  tliAt  all  water  (of  condensation)  in  the  system  shall  be  freely 
^H   eturned  to  boiler  by  gravity  alone. 

^1  (steam  generator.)    [water  heater.] 

^^  The  (steam)  [water]  shall  be  (generated)  [heated]  hy  one  No. 
^H  2  Vertical  Tubular  Sectional  Boiler,  manufactured  by  C.  Iron  & 
^H  Co.,N.  Y.  City,  and  by  them  guaranteed  free  from  all  flaws  and 
^H  defects.  Said  boiler  to  have  a  grate  area  of  700  square  Indies, 
^H  capable  of  burning  all  kinds  of  coal  as  fuel,  and  guaranteed  by 
^H  makers  to  be  capable  of  supplying  (steam)  [water]  to  75°  net 
^H  square  feet  of  direct  radiation  without  "  forcing";  boilers  to 
^H  be  certified  by  manufacturer  to  be  able  to  stand  a  cold-water 
^H  pressure  of  So  pounds  to  the  square  Inch. 

^H  An  opening  not  less  than  twa  {2)  feet  by  ^7-f  (/)  feet  into 
^H  the  building  and  boiler-room  shall  be  provided  by  owner. 

^M  BOILEK  SETTING. 

^r  Boiler  to  be  placed  as  near  smoke-flue  as  possible,  upon  a 

^^  level  concrete  or  other  equally  solid  foundation  provided  by 
^^  ozi'ner.  The  top  to  be  not  less  than  six — feet  from  ceiling  of 
^H  boiler-room.  All  necessary  excavating  to  be  done  at  expense 
^H   of  contractor. 

^H  When  boiler  is  set  in  brickwork  same  shall  be  not  less  than 

^1   eight  (S)  inches  thick,  erected  concentric  or  parallel  with  cx- 

^H   ternal  boiler  walls  as  shown  by  plans  of  manufacturer.     Brick 

^H    to  be  hard  burned,  and  laid  in  courses  which  break  joints,  with 

^H   cement  mortar  not  more  than  one-fourth  inch  in   thickness. 

^V    Bond  courses  of  headers  to  be  laid  once  in  every  five  courses. 

^V    Setting  when  complete  to  be  air-tight,  and  guaranteed  to  stand 

^ft     all  strains  of  expansion    and    contraction :    or,  when   plastic 

^F     covering  is  used  for  setting,  same  shall  be  evenly  distributed 

over  external  boiler  surfaces  not  less  than  t'dto  (2')  inches  thick. 

The  ash-pit  shall  not  be  less  than  twelve  inches  deep,  and  shall 

be  sloped  to  edge  of  clean-out  door.     Boiler  shall  be  provided 

Kwith  fire,  clcan-out.  and  ash-pEt  doors,  of  such  form,  size, 
structure,  and  set  in  such  position  as  shall  make  accessible  alt 
portions  of  boiler  requiring  attention.  When  setting  of  boiler 
demands   it,  same  shall  be  provided  with  cast-iron  front  de- 


I 
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signed  by  manufacturers  for  boiler  specified.  Same  to  be 
protected,  when  necessary,  from  direct  heat  of  flame  by  brick- 
work or  other  means  equally  good. 

FIXTURES,   FIRE  TOOLS,  AND  TRIMMINGS. 

Boiler  shall  be  provided  with  rocking  and  dumping  grates 
designed  by  manufacturers  for  boiler  specified,  together  with 
shaking-lever  and  all  fire  tools  necessary  to  care  for  same, 
which  shall  consist  ol  one{i)  poker,  one  (/)  slice-bar,  one  (/)  fine 
brush  and  handle.  Boiler  shall  be  provided  with  (one  5" 
irass-hound  low-pressure  Bourdon  steam-gaugei  with  stop-cock 
and  siphon),  (one  (/)  low-pressure  safety-valve  with  fen  (10) 
pound  weight),  {one  (/)  water-column  fitted  with  two  {2)  brass  try- 
cocks)  [expansion  thermometer  registering  from  80  degrees  F.  to 
250  degrees  F.]  {one  ScoU/i  gauge-glass  and /our  {4)  brass  guard- 
rods),  and  one  automatic  [  ]  damper  regulator  with  con- 
nections for  operating  draft-door  and  cold-air  check;  one  -/'/*- 
inch  brass  steam  (blow-off)  cock  with  key ;  and  there  shall  be 
provided  in  addition  to  above  all  pipe,  fittings,  and  valves 
necessary  to  render  connection  of  all  of  above  to  boiler  com- 
plete. 

WATER  CONNECTIONS  AND    BLOW-OFF. 

Feed-water  with  its  supply-pipe  shall  be  brought  within 
six  feet  of  boiler  by  ou^ner,  and  left  with  one  /y^-inch  cast-iron 
fitting  for  boiler  connection  to  be  made  hy  contractor,  (Water 
supply  to  be  controlled  by  no  automatic  water-feed.)  Blow-off 
cock  to  be  located  at  lowest  point  of  system,  with  piping  so 
pitching  toward  same  as  to  allow  of  draining  boiler  and  of 
system,  same  to  be  fitted  for  a  hose-nipple  connection.  The 
discharge  to  waste  opening  (provided  by  owner)  shall  be 
always  visible. 

SMOKE-PIPE  AND   SMOKE-FLUE. 

Contractor  shall  connect  boiler  to  smoke-flue  opening  (pro- 
vided  by  owner)  by  means  of  gas-tight  pipe  twelve  inches 
in  diameter,  built  of  No.  14  galvanised  iron,  in  which  shall  be 
placed  one  (/)  shut-off  damper  with  wheel  handle  attached,  to- 
gether with  proper  clean-out  door.  Smoke-flue  throughout  to 
be  not  less  than  113  square  inches  internal  area,  and  46  feet  in 
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height,  straight,  and  presenting    no    unusual  obstructions  to 
gases.     Responsibility  for  proper  working  to  rest  on  owner. 


fFLOW,  BRANCH,  AND  RETURN  MAINS. 
Flow-pipes  and  branches  shall  be  run  on  a  grade  to  or 
from  boiler  of  not  less  than  one  inch  fall  in  each  ten  feet  run ; 
size  of  pipes  to  be  of  such  area  as  to  quickly,  adequately,  and 
noiselessly  carry  (steam)  [water  ]  by  means  of  branches  and 
risers  to  heating  surfaces,  and  also  to  permit  an  unimpeded 
flow  of  all  (water  of  condensation)  [return  water]  to  or  from 
boiler  by  means  of  mains,  branches,  or  reliefs.  The  size  of 
pipes  shall  be  gauged  by,  and  shall  in  no  case  be  reduced 
below,  standards  laid  down  in  Carpenter's  "  Heating  and  Ven- 
tilating Buildings."  All  mains  are  to  be  so  run  in  straight 
lines,  and  junctions  so  made,  as  to  avoid  a!!  traps  or  pockets 
which  may  hold  air  or  (water  of  condensation).  (When  pitch  of 
pipes  brings  level  of  flow-mains  within  eighteen  inches  of  water- 
line  of  boiler,  establish  higher  level  for  steam-flow,  make  con- 
nection with  proper  relief,  so  as  to  drip  all  condensation.)  All 
exp.insion  and  contraction  of  pipes  throughout  system  mu.st 
be  provided  for  in  joints  thereof  so  as  to  prevent  buckling  or 
bending  of  same,  and  all  joints  made  sleam  «n</ water  tight. 
Rote.— No  bushings  shall  be  used  on  hot-water  flow-pipes, 
irJietbeT  mains,  risers,  or  radiator  connections.] 

This  system  of  piping  contemplates  three  (j)  flow-mains, 
I*/,.  3,  (7«£/2'/,  inches  diameter,  respectively,  piichingyrowiilie 

oilers.  There  shall  also  be  two  (2)  return-mains  pitching 
ioward  the  boiler  on  a  grade  not  less  than  one  inch  in  (twenty) 
:n]  feet  run  :  same  to  be  carried  to  boiler  on  the  overhead 
plan,  and  to  be  so  connected  that  there  shall  be  tivo  (i)  re- 
turn-mains entering  boiler  of  not  less  than  one  and  one  quarter 

iches  in  diameter.      (Said  main  to  be  provided  with 

Kh  swinging  check-valve  outside  the  boiler.) 


KTSER.S  (RELIEFS)  AND   CONNECTIONS. 

All  risers  shall  be  erected  plumb  and  straight,  and  all  con- 
:tions  thereto  shall  be  made  below  or  in  the  floors  by  means 
f  double  joints  to  allow  for  expansion.     When  "offsetting" 
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or  coupling  parallel  lines  of  pipe,  care  shall  be  taken,  when 
possible,  to  locate  centres  of  like  pairs  of  fittings  at  same  verti- 
cal or  horizontal  level,  as  case  may  be.  Wheriever  pitch  or 
size  of  pipes  does  not  allow  full  vent  of  contained  air  (or 
discharge  of  water  of  condensation)  proper  automatic  air-vents 
and  reliefs  or  drip-pipes  of  sufficient  size  (according  to  Carpen- 
ter's tables)  shall  be  used.  (When  air-vents  are  fitted  with 
drip-pipes  same  shall  be  run  plumb  and  straight  and  parallel 
with  risers,  or  return-riser  lines,  down  to  boiler-room,  where 
same  shall  be  joined  together  in  one  common  main,  which  shall 
there  vent  the  contained  air.)     No  drip-pipes  will  be  attached. 

The  within  system  contemplates  five  (j)  flow-risers  and  no 
return-risers. 

[EXPANSION-TANK  AND  CONNECTIONS.] 

To  be  omitted  in  steam-heating. 

[There  shall  be  furnished  and  connected,  at  a  point  not  less 
than  twelve  inches  above  highest  radiating  surface,  in  best  loca- 
tion which  conditions  of  building  permit,  one  gallon  gal- 
vanizad-steel  expansion-tank,  fitted  with  gauge-glass  and 
brass  guard-rods.  Flow  connections  to  tank  shall  be  so 
made  as  to  maintain  a  circulation  of  contained  water  at  all  times 
when  .apparatus  is  in  use.  Tank  shall  be  provided  with  a 
inch  ^lipe  for  venting  overflow,  same  to  be  arranged  to  waste  on 
roof  or  other  outlet.] 

FLANGES  AND   UNIONS. 

At  proper  points  on  mains,  branches,  and  return-mains 
shall  be  located  right  and  left  couplings  or  flange-unions,  so 
that  pipes  may  be  disconnected  without  injury  to  balance  of 
apparatus  or  system.  Couplings  may  be  used  on  all  pipes  up 
to  two  inches  in  size,  all  larger  pipes  to  be  united  with  flange- 
unions  made  tight  with  copper  gaskets. 

HANGERS. 

All  flow  and  return  pipes  shall  be  supported  by  chain  ad- 
justable pipe-hangers,  securely  fastened  to  building  at  intervals 
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I  of  not  more  than  ten  feet,  and  so  constructed  as  to  permit  free 
I  expansion  and  contraction  of  piping. 


FLOOR   AND   CEILING   PLATES,   AND   PROTECTION. 

Wherever  pipes  pass  through  floors,  floor-plates  shall  be 
used.  Wherever  pipes  pass  through  ceilings,  cciling-plales 
shall  be  used,  unless  other  provision  for  finish  be  provided  for. 
All  protection  of  woodwork,  etc.,  from  heat  of  pipes  shall  be 
done  in  accordance  with  rules  and  regulations  of  National 
Board  of  Fire  Underwriters.  The  return  and  branch  mains 
and  connections  in  boiler-room  shall  be  covered  with  sectional 
asbestos  covering  one  inch  thick  [or  with  asbestos  paper, 
t"  Hair  Felt,  rosin-sized  paper,  and  canvas  neatly  sewed 

OD,  to  prevent  waste  of  heat]. 

RADIATOR-VALVES   AND   AIB-VENTS. 

Each  direct  or  direct-indirect  radiator  or  coil  shall  be  con- 
trolled by  one  quick-opening  standard  radiator-vd\ve  provided 
with  union  and  of  proper  size,  made  of  best  (steam  metal,  extra 
heavy,  with  composition  disk  ot  )  [quick-opening  ]  to 
be  roiigh-hody  piiJteii  ail  orer  and  provided  with  wood  handle. 
All  radiators  shall  be  fitted  with  automatic  air-vents.  [Radiator 
return-coiinections  shall  be  made  with  body  ell 

unioDS.J 

When  indirect  radiators  are  to  be  controlled  same  shall  be 
fitted  with  iron  wheel-gate  valves. 


I 


SYSTEM   OF  WARMING   AND   DISTRIBUTION   OF   RADIATION. 

The  building  specified  will  be  heated  by  means  o( ornamental 
I  direct, /riw/f  surface  indirect,  ajttl  no  direct-indirect  radiation, 
J  located  in  the  several  rooms  to  the  best  advantage,  according 
[  as  conditions  of  building  and  will  of  owner  permit,  and  as 
[  shown  in  following  schedule.  Indicated  temperatures  to  be 
'.  maintained  during  sero  weather. 
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SCIIEDULK. 
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Indirect 
Radiation. 
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48 
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36 

sr 

68* 

• 

S. 

SO 

38" 
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Third. 

IV. 

24 

38" 

65* 

S. 

16 

38" 

66* 

INDIRECT   RADIATION. 
(Note. — Omitted  on  specifications  when  heating  system  is  all  direct.) 

The  indirect  radiators  shall  consist  of  stacks  or  clusters  of 
prime  surfaces  connected  together  with  tight  joints,  and  firmly 
suspended  from  ceiling  by  suitable  wrought-iron  hangers,  as 
directed  by  radiator  makers,  or  by  other  methods  equally 
good.  (There  shall  be  a  difference  of  level  of  not  less  than 
eighteen  inches  between  lowest  point  of  all  indirect  radiation  and 
the  water-line  of  boiler.) 

All  stacks  shall  be  so  piped  and  hung  as  to  permit  a  quick, 
noiseless,  and  constant  flow  throughout  of  (steam  and  all  water 
of  condensation)  [the  heated  water]. 

COLD-AIR   DUCTS,   CASINGS,    ETC. 
(Note. — Omitted  on  specifications  when  heating  system  is  all  direct.) 

The  area  of  internal  cross-section  of  fresh-air  inlet  and  duct, 
as  well  as  registers  and  warm-air  outlet,  shall  never  be  less 
than  standards  of  measurements  laid  down  in  Carpenter's 
"  Heating  and  Ventilating  Buildings.'*  Fresh-air  inlet  shall 
be  of  6oo  square  inches  area,  and  shall  be  provided  with 
substantial  iron  wire-gauze  screen.  Connecting  cold-air  duct 
and  casing  of  indirects  shall  be  made  of  galvanized  iron  (No. 
20  or  heavier),  provided  with  door  for  clean-out  and  inspection 
— all  joints  being  made  permanently  air-tight.  Cross-section 
of  duct  throughout  its  length  to  be  as  nearly  uniform,  circular 
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ir  square,  as  conditions  of  building  permit.     Casing  of  indirects 


ihall  be  so  erected  that 


alle 


s  thrc 


enter 
Stack,  and  be  warmed,  before  passing  to  its  respecti 

Stacks  shall  be  so  hung  and  encased  that  the  full 


.tiet 


register. 

inlet  and  ouitet  ducts  shall  be  maintained  above  and  below 
:}ie  stack,  which  space  shall  in  no  case  be  less  than  ten  inches 
I  height,  by  the  length  and  breadth  of  stack,  and  casritg  shall 
be  so  arranged  that  all  inflowing  fresh  air  shall  be  heated  and 
'■conveyed  to  destination  without  loss  through  tin  warm-air 
ducts,  of  areas  as  above  provided  for,  same  to  be  furnished  by 
owner,  and  set  in  walls  or  floors  by  owner,  as  directed  by  ar- 

Ickitects,     Each  coid-air  inlet  shall  be  provided  with  one  eon- 
frtf//if'(/ damper,  fitted  with  iron  handle. 
ope 
Ref 


REGISTERS   AND    REGISTER- BOXES. 
OniiUed  on  specifications  when  heating  system  is  all  direcL) 

All  registers  shall  be  o\  Jones  design.  The  sum  of  areas  of 
^openings  in  same  never  to  be  less  than  area  of  warm-air  outlet. 

PHegisters  to  be  set  flush  with,  and  firmly  fastened  in,  openings 
in  floor  or  wall  provided  by  oivner,  and  to  be  located  to  best 
advantage  according  as  conditions  of  building  permit.  Proper 
register-boxes  made  of  /.  X.  tin  shall  be  provided  by  contractor 

■  for  reception  of  registers. 


CUTTING,    PAINTING,    BRONZING,    ETC. 

All  cutting  and  carpenter  work  shall  be  done  by  owner  as 
directed  by  contractor.  All  uncovered  expo.sed  piping  in  boiler- 
•oom  shall  receive  two  coats  of  best  or  drying  y^/iTW  paint. 
Ul  exposed  piping  and  radiation  above  boiler-room  to  1 
me  coat  of  priming  and  one  coat  of  pale-gold  bronze. 


EXTRAS. 

It  is  understood  and  agreed,  upon  the  acceptance  of  the 
Proposal  accompanying  this  Specification,  that  any  and  all 
Verbal  or  other  agreements,  statements,  or  representations 
hade  by  any  person  or  persons,  for  or  on  bciiatf  of  the  con- 
tractor, shall  be  considered  as  absolutely  merged  in  the  Fro- 
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posal  and  Specification,  and  that  the  contract  then  existing  shall 
be  taken  and  held  to  be  fully  set  forth  and  expressed  therein. 
If  any  deviation  in  system,  material,  or  mode  of  installation 
is  to  be  made,  such  change  shall  be  considered  an  *'  extra/*  and 
must  be  provided  for  by  a  special  agreement. 

COMPLETION  AND  TESTING. 

If  this  Specification  with  accompanying  Proposal  be  accepted 
notice  of  date  when  work  may  begin  shall  be  given  contractor, 
and  same  shall  be  prosecuted  with  due  despatch,  and  shall  be 
completed  on  or  before  ,  whereupon  notice  to  that 

effect  shall  be  served  on  architect.  Should  any  unforeseen  or 
unavoidable  delay  occur,  same  shall  not  constitutes  breach  of 
contract  on  the  part  of  contractor.  Upon  notification  that 
work  as  herein  provided  for  has  been  completed,  same  shall  be 
promptly  inspected,  and  "accepted  "  or  "  rejected,"  and  notice 
thereof  served  on  the  contractor.  Acceptance  shall  in  no  event 
waive  the  guarantee  herein  below  given.  Failure  to  promptly 
inspect  and  accept  or  reject  work  shall  be  considered  as  accept- 
ance, and  shall  entitle  undersigned  to  payments  as  provided  for. 
"Testing"  shall  consist  of  firing  boiler  all  fuel  for  which  shall 
be  delivered  in  boiler-room,  and  furnished  by  awner^  and  the 
developing  of  a  (steam-pressure  not  exceeding  fifteen  pounds  to 
the  square  inch)  [flow-temperature  not  less  than  degrees 

Fahrenheit  without  boiling  over]  and  the  making  tight  of  all 
joints  in  system. 

Determination  of  fulfilment  of  guarantee  shall  be  gauged 
by  standards  set  down  in  Carpenter's  "  Heating  and  Ventilat- 
ing Buildings,"  page  ii6.  If  the  condition  of  building  is  such 
that  work  cannot  be  completed  without  delay,  and  that  delay 
requires  running  of  all  or  part  of  apparatus  for  use  or  con- 
venience of  any  one  other  than  the  contractor,  it  will  only  be 
so  run  at  the  risk  and  expense  of  owner^  and  apparatus  must 
be  delivered  again  in  as  good  condition  as  when  taken.  A 
payment  of  Jire  (5)  dollars  shall  be  due  for  each  radiator  dis- 
connected and  reconnected. 
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IN  GENERAL. 

Estimates  for  capacity  of  within  apparatus,  as  well  as  this 
Specification  and  accompanying  Proposal,  are  all  based  on 
■  dimensions,  information,  etc.,  concerning  construction  of  build- 
ling  furnished  by  architects;  and  if  such  dimensions,  information, 
ire  erroneous,  or  if  changes  shall  be  made  in  construction 
I  of  building,  then  in  so  far  as  such  deviations  detract  from  effi- 
Iciency  of  apparatus,  the  guarantee  as  to  the  efficiency  thereof 
I  which  is  herein  given  shall  be  deemed  cancelled.  Instructions 
s  to  conduct  of  work  must  be  made  to  the  contractor  and  not 
Ito  employees,  and  all  instructions  from  architects  shall  be  con- 
(sidercd  as  final,  unless  otherwise  advised  by  mvner. 


GUARANTEE. 

When  the  apparatus  as  herein  proposed  to  be  furnished  shall 

be  completed,  the  same  is  guaranteed  to  be  capable  of  warming 

the  rooms  entered  on  schedule,  to  the  temperatures  specified 

therein,  when  apparatus  is  run  as  directed,  and  under  the  con- 

^Bditions  which  would  maintain  in  the  finished  building.     Any 

^Bfailure  to  fulfill  this  guarantee  by  reason  of  any  defect  of  work- 

^f  manship.  material,  or  efficiency  within  a  period  of  one  year  will 

be   made  good  by  contractor  within  a  reasonable  time  after 

receiving  notice  of  such  defect. 

N.  B.  The  term  '■  defect "  as  above  u.sed,  shall  not  be  con- 
strued to  cover  such  imperfections  as  result  from  accident,  de- 
sign,  or  the  natural  wear  and  tear  of  use.  The  contractor  shall 
have  and  retain,  until  the  final  payment  in  full  shall  have  been 
made,  a  first  and  valid  lien  upon  all  materials  (including  pipe, 
fittings,  valves,  covering,  radiators,  registers,  ducts,  boilers,  etc.) 
furnished  by  contractor  under  terms  of  this  specification  and 
accompanying  proposal,  and  shall  have  the  right  at  all  times 
prior  to  such  final  payment,  upon  failure  on  part  of  owner,  to 
make  all  payments  as  provided  for,  to  take  possession  of  and 
remove  the  said  materials,  and  to  retain  the  possession  of  same 
and  every  part  thereof,  and  also  to  retain  all  payments  that 

Cn  made  on  account  thereof  as  liquidated  damages  for 


( 
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SPECIAL  NOTE. 

This  Specification  with  accompanying  Proposal  shall  be  ac- 
cepted or  rejected  on  or  before  inst.y  and  notice  thereof 
be  served  on  contractor. 

Respectfully  submitted, 

John  G.  Doe  Co. 

October  i,  1895. 

227.  Form  of  Uniform  Contract— 

UNIFORM  CONTRACT  FOR  THE  CONSTRUCTION  OF  HEAT- 
ING APPARATUS  (TO  BE)  ADOPTED  FOR  USE  BY  THE 
MASTER  STEAM  AND  HOT- WATER  FITTERS*  ASSOCIA- 
TION OF  THE  UNITED  STATES.* 

(Copyright,  1895,  by  ihe  Master  Steam  and  Hot- Water  Fitters*  Association  of  the 

United  Sutes.) 

THIS  AGREEMENT,  made  and  concluded  at  Kalamazoo^ 
State  of  Michigan^  the  first  day  of  January ^  in  the  year  one 
thousand  eight  hundred  and  mn^Xy-five^  by  and  between  Jones 
&  Brown,  of  Chicago,  State  of  Illinois,  for  themselves  and  their 
legal  representatives,  parties  of  the  first  part  (hereinafter  desig- 
nated the  Contractor),  and  R,  /.  Peters,  of  Kalamazoo,  State 
of  Michiga7i,  for  himself  and  his  legal  representatives,  party  of 
the  second  part  (hereinafter  designated  the  Owner). 

WITNESSETH,  That  the  Contractor,  in  consideration  of 
the  fulfilment  of  the  agreements  herein  made  by  the  Owner, 
agrees  with  the  said  Owner,  as  follows: 

Article  I.  The  Contractor,  for  the  consideration  herein- 
after provided,  covenants  and  agrees,  with  the  Owner,  that  the 
Contractor  shall  and  will,  within  the  space  of  three  months 
next,  after  the  date  hereof,  in  a  good  and  workmanlike  manner, 
and  at  his  own  proper  charge  and  expense,  well  and  substantially 
build,  furnish,  and  erect  a  certain  Steam  Heating  Apparatus,  at 
444  4th  Avenue,  City  of  Kalamazoo,  according  to  the  Specifi- 
cations, Drawings,  and  Plans  designed  by  Thomas  Robinson, 
Architect,  which  Specifications,  Drawings,  and  Plans  are  made 
a  part  of  this  Contract  and  are  identified  by  the  signatures  of 
the  parties  hereto. 

*  Printed  words  in  italics  to  be  supplied  in  each  contract. 
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Article  II.  No  alterations  ^hall  be  made  in  the  work 
shown  or  described  by  the  drawings  and  specifications,  except 
upon  a  written  order  of  the  Arcliiiecls,  and  when  so  made,  the 
value  of  the  work'  added  or  omitted  shall  be  computed  by  tiie 
vArchiteets,  and  the  amount  so  ascertained  shall  be  added  to  or 
deducted  from  the  contract  price.  In  the  case  of  dissent  from 
such  award  by  either  party  hereto,  the  valuation  of  the  work 
added  or  omitted  shall  be  referred  to  three  (3)  disinterested 
arbitrators,  one  to  be  appointed  by  each  of  the  parties  to  this 
Contract,  and  the  third  by  the  two  thus  chosen ;  the  decision 
of  any  two  of  whom  shall  be  final  and  binding,  and  each  of  the 
parties  hereto  shall  pay  one-half  of  the  expenses  of  such  ref- 
erence. 

Article  III.  Should  any  difference  arise  in  interpreting 
the  Plans  or  Specifications,  involving  or  assuming  additional 
compensation,  the  Contractor  shall,  upon  written  notice  from 
the  Owner,  immediately  execute  such  interpretation,  the  ques- 
tion of  compensation  to  be  determined  on  completion  by 
'arbitrators,  as  provided  in  Article  II. 

Article  IV.  AH  of  the  materials  and  workmanship  of  the 
apparatus  to  be  of  the  quality  as  expressed  in  seid  Specifica- 
tions, Drawings,  and  Plans  ;  said  Owner  to  reserve  the  right  to 
reject,  through  himself  or  his  authorized  agent,  all  material  or 
workmanship  of  an  inferior  quality,  which  said  Contractor  may 
attempt  to  use  in  the  erection  of  said  Heating  Apparatus,  and 
if  the  said  Contractor,  after  being  notified,  neglects  or  refuses 
to  do  the  work,  or  furnish  the  materials  as  called  for  in  the 
Specifications,  Drawings,  and  Plans,  then,  and  in  that  case,  said 
Owner  shall  give  notice  in  writing  to  the  Contractor,  which 
notice  is  to  set  forth  in  full  the  cause  or  causes  of  complaint. 
If  the  Contractor  demurs  and  refuses  to  do  the  work  or  furnish 
the  materials  as  directed  in  the  notice  of  complaint,  within 
three  days  from  the  date  of  said  notice,  resort  to  arbitration 
shall  be  had  as  provided  in  Article  II. 

Article  V.  The  Owner  shall  not,  in  any  manner,  be 
answerable  or  accountable  for  any  loss  or  damage  that  shall  or 
may  happen  to  the  said  works,  or  any  parts  thereof  respectively, 
ior  for  any  of  the  materials  or  other  things  used  and  employed 
In  finishing  and  completing  the  same,  loss  or  damage  by  fire 
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excepted.  The  Contractor  shall  be  responsible  for  all  damage 
to  the  building  and  adjoining  premises,  and  to  individuals, 
caused  by  himself  or  his  employees  in  the  course  of  their 
employment. 

Article  VI.  It  is  hereby  mutually  agreed  between  the 
parties  hereto,  that  the  sum  to  be  paid  by  the  Owner  to  the 
Contractor  for  said  work  and  materials  shall  be  Seven  Thousand 
Dollars  {$7,000),  subject  to  additions  and  deductions  as  herein- 
before provided,  and  that  such  sum  shall  be  paid  in  current 
funds  by  the  Owner  to  the  Contractor,  in  monthly  payments, 
to  the  amount  of  90  per  cent  of  the  value  of  materials  delivered 
to  and  labor  performed  in  the  said  building  during  the  preced- 
ing month ;  and  the  remaining  10  per  cent  shall  be  paid  as  a 
final  payment  within  30  days  after  this  contract  is  fulfilled. 

All  payments  shall  be  made  upon  written  certificates  of  the 
Architects  to  the  effect  that  such  payments  have  become  due. 

Article  VII.  It  is  mutually  agreed  that  payments  for  all 
additional  work  shall  be  made  at  the  same  time  and  in  the 
same  manner  as  contract  payments,  Article  VI. 

Article  VIII.  It  is  mutually  agreed  that  should  default 
be  made  in  any  of  the  payments  as  herein  provided,  the  Con- 
tractor shall  have  the  right  to  stop  work  and  withdraw  all  un- 
used materials  until  such  payment  is  properly  made,  or  may  at 
his  option  cancel  the  contract. 

Article  IX.  It  is  further  mutually  agreed  that  the  essence 
of  this  Agreement  is  that  the  Owner  purchasing  this  apparatus 
and  paying  therefor  will  receive  full  value  to  the  extent  that 
it  will  warm  the  subdivisions  of  the  building  indicated  on  the 
plans  to  70  degrees  Fahrenheit  in  the  coldest  weather;  but 
nothing  herein  contained,  or  in  the  Specification  accompanying 
the  same,  shall  prevent  the  Contractor  from  receiving  from  the 
Owner  a  final  payment  for  the  work  herein  and  at  the  time 
stipulated. 

Article  X.  The  Contractor  guarantees  his  workmanship 
and  materials,  the  capacity  of  the  boiler,  the  circulation  of  the 
system  and  the  efficiency  of  the  heating  surfaces,  all  as  called 
for  in  the  Specifications  hereto  attached,  and  should  any  de- 
fects or  deficiencies  occur,  other  than  from  neglect  on  the  part 
of  the  Owner  or  his  employees,  within  the  term  of  one  year 
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from  the  above  date,  the  Contractor  agrees  to  make  good  the 
same  upon  a  written  notice  from  the  Owner  at  the  Contractor's 
expense. 

Article  XI,  I(  at  any  time  there  shall  be  evidence  of  any 
lien  or  claim  for  which,  if  established,  the  Owner  of  the  said 
premises  might  become  liable,  and  which  is  chargeable  to  the 
Contractor,  the  Owner  shall  iiavc  the  right  to  retain  out  of  any 
payment  then  due,  or  thereafter  to  become  due,  an  amount 
sufficient  to  completely  indemnify  himself  against  such  lien  or 
claim.  Should  there  prove  to  be  any  such  claim  after  all  pay- 
ments are  made,  the  Contractor  shall  refund  to  the  Owner  all 
moneys  that  the  latter  may  be  compelled  to  pay  in  discharging 
any  lien  on  said  premises  made  obligatory  in  consequence  of 
the  Contractor's  default. 

Article  XII.  It  is  further  mutually  agreed,  between  the 
parties  hereto,  that  no  certificate  given  or  payment  made  under 
this  Contract,  except  the  final  certificate  or  final  payment, .shall 
be  conclusive  evidence  of  the  performance  of  this  Contract, 
cither  wholly  or  in  part,  and  that  no  partial  payment  shall  be 
construed  to  be  an  acceptance  of  defective  work  or  improper 
naterials. 

Article  XIII.    The  said    parties   for  themselves,  their 

eirs,  executors,  administrators,  and  assigns,  do  hereby  agree 

^o  the  full  performance  of  the  covenants  herein  contained. 

IN  WITNESS  WHEREOF,  the  parties  to  these  prese 
F  have  hereunto  set  their  hands  and  seals,  the  day  and  year  first 
above  written. 


I 


L 


In  presence  of 

J.  B.  Sax€ 


Jones  &  BrowH 
R.  J.  Peters 


(seal) 

(seal) 

(SEAL) 

(seal) 


ALTERNATE   FOR   ARTICLE  VI. 


It  is  hereby  mutually  agreed,  between  the  parties  hereto,  that 

the  sum  to  be  paid  by  the  Owner  to  the  Contractor  for  said  work 

and  materials  shall  be  Scten    Thousand  Dollars  {$7,006)  sub- 

^   ject  to  additions  and  deductions  as  hereinbefore  provided,  and 
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that  such  sum  shall  be  paid  in  current  funds  by  the  Owner  to 
the  Contractor  in  instalments,  as  follows : 

When  The  Boilers  are  delivered  and  set,  $1,500 
When  Steam  Mains  and  Risers  are  in  place,  $1,500 
When  The  Radiators  are  delivered,  $1,500 

When  The  Radiators  are  connected,  $1,500 

And  the  balance  of  $1,000  as  a  final  payment  to  be  made 
within  30  days  after  this  contract  is  fulfilled. 

All  payments  shall  be  made  upon  written  certificates  of  the 
Architects  to  the  effect  that  such  payments  have  become  due. 

228.  Specifications  for  Plain  Tubular  and  Water-tube 
Boilers. — This  boiler  is  employed  extensively  for  heating  large 
buildings.  The  boiler  is  described  on  page  160,  and  several 
methods  of  setting  are  shown  on  page  173.  The  following 
specifications  represent  the  best  practice  of  to-day  in  the  con- 
struction of  plain  tubular  boilers  employed  for  heating.  They 
are  in  each  case  to  be  set  in  brickwork,  substantially  as  de> 
scribed  on  page  177. 
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Riveting  for  a  Working  Pressure  of  loo  lbs, — Horizontal  seams  double- 
staggered  riveted,  lap-joint ;  pitch  of  rivets  3"  longitudinally  and  2\" 
diagonally.  Circular  seams  single-riveted,  lap-joint ;  pitch  of  rivets  2^''. 
Flange  seam  and  vertical  seam  of  dome  double-staggered  riveted; 
pitch  of  rivets  3"  longitudinally  and  2^-'  diagonally.  Circular  seam  at 
dome  head  single-riveted  ;  pitch  of  rivets  2\", 

For  a  Working  Pressure  0/12$  lbs. — Horizontal  seams  triple-riveted ; 
lap-joints  required  except  for  boilers  exceeding  66" diameter,  when  hori- 
zontal seams  shall  be  made  with  butt-joint,  with  mside  and  outside  lap 
strips  covering  the  joint,  these  strips  same  thickness  as  plate  in  shell  of 
boilers  ;  three  rows  of  rivets  each  side  of  joint;  pitch  of  rivets  on  triple 
l^>-joints  3J"  longitudinally,  2"  diagonally,  2i''  transversely.  Pitch  of 
rivets  on  butt- strapped  joints  3J"  and  6i"  longitudinally,  2"  diagonally, 
and  2f"  transversely.  Circular  seams  single-riveting,  lap-joint;  pitch 
of  rivets  2\",  Flange  seam,  od,  dome  triple-riveting  staggered;  pitch 
of  rivets  ^"  longitudinally  and  2'  diagonally ;  vertical  seam  of  dome 
double-staggered  riveting ;  pitch  of  rivets  3'  longitudinally  and  2^ 
diagonally.  Circular  seam  at  dome  head  single-riveting;  pitch  of 
rivets  2J". 

Bracing, — All  braces  to  have  a  sectional  area  of  i\  square  inches  and 
to  be  of  the  solid  crowfoot  style,  and  riveted  to  heads  and  shell  with  two 
rivets  in  each  end ;  pitch  of  rivets  4".  On  heads  of  boiler  these  braces 
to  be  set  radially  and  spaced  about  y"  centres,  and  to  lead  from  head  to 
shell  and  to  be  at  least  3  ft.  in  length  and  preferably  longer.  Braces  in 
dome  to  lead  from  shell  of  dome  to  shell  of  boiler,  spaced  about  18'' 
centres,  two  rivets  in  each  end  spaced  4"  centres ;  braces  as  long  as 
height  of  dome  will  permit.  Head  of  dome  may  be  convex  and  without 
braces. 

Tube  Sel/iftg,— Tubes  to  be  set  in  straight  horizontal  and  vertical 
rows,  one  inch  apart  each  way,  and  no  tube  nearer  shell  than  three 
inches.  Distance  from  top  of  upper  row  of  tubes  to  shell  not  less  than 
one  third  the  diameter  of  boiler.  Tubes  to  extend  through  heads,  and 
be  carefully  expanded  and  beaded  to  the  heads. 

Calking, — Calking  edges  of  each  seam  to  be  bevelled  by  machine  be- 
fore places  are  put  together,  and  calking  tool  driven  straight. 

Manholes. — A  suitable  manhole  in  top  of  shell,  having  an  internal 
opening  u"  x  15",  reinforced  with  strong  internal  frame  of  forged  iron. 
Manhole  to  be  provided  with  suitable  plate,  bolt,  guard,  and  gasket.  For 
large  boilers  a  manhole  shall  be  left  in  front  head  beneath  the  tubes. 

Hand-holes. — A  suitable  hand-hole,  4V  x  6",  in  each  head  under  tubes, 
provided  with  suitable  plate,  bolt,  guard,  and  gasket. 

Outlets, — Outlet  for  steam  should  *be  on  top  of  the  dome,  the  opening 
into  dome  to  be  reinforced  with  wrought-iron  flange  properly  threaded 
and  riveted  to  the  head  ;  the  safety-valve  to  be  attached  to  this  opening. 

The  opening  for  blow-ofl  should  be  in  the  back  head  at  the  side  of 
hand-hole.    The  opening  for  surface  blow  shall  be  in  the  top  of  the  shell. 


SPECIFICA  7  lO.V   PJiOPOSALSSCGGEST/OA'S. 

and  provided  with  pipe  having  a  trumpet  shaped  mouth  ending  a 
line. 
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Tile  opening  for  feed  connection  should  be  in  the  top  o(  shell  and 
reinforced.  The  feed-pipe  is  to  be  extended  downward  below  ihe  water- 
line,  and  at  least  four  feet  horizontally. 

The  upper  connection  for  water-column  should  be  in  front  head  near 
top.  The  lower  connection  for  water-column  should  be  in  front  head, 
about  on  the  centre  line  of  the  boiler. 

Wall-brackeli. — There  sliould  be  two  heavy  cast-iron  wall-brackets 
riveted  to  each  side  of  shell  for  supporting  boiler  on  masonry.  These 
brackets  should  be  at  least  9  inches  wide  with  foot  la  inches  long,  and 
14  inches  on  the  boiler  and  \\  inches  thick,  with  heavy  rib  through  the 
These,  and  ^11  other  castings  riveted  to  the  shell,  to  conform  to 
the  shape  of  same  and  til  accurately  wiihout  linings  of  any  kind. 

Testing. — For  a  working   pressure  of   100   lbs.  the   boiler  should    be 

tested  to  a  hydrostatic   pressure   of   (50  lbs.  per  square  inch,  and  for  a 

workii^g  pressure  of  135  lbs.  it  should  be  tested  to  a  hydrostatic  pressure 

[  100  lbs.  per  square  inch,  and  should  be  perfectly  tight  under  each  test. 

Castings. — The  boiler  should   be  provided  with  a  cast-iron  front  at 
le^st  \'  thick,  with  double  flue,  tire  and  ash-pit  doors  swinging  right  and 
Fire  doors  should  be  provided  with  perforated  liners  and  air-reg- 
isters.    Provide  heavy  cast-iron  dead-plate,  arch-plate  over  fire-door,  and 
tst-iron  plates  at  each  side  of  fire-door  opening,  to  protect  the  firc-brick- 

The  grates*  should  equal  in  width  the  full  diameter  of  the  boiler,  and 
should  be  in  two  lengths,  with  necessary  bearing  bars ;  the  entire  length 
of  the  grate  surface  should  equal  abtmt  one  third  the  length  of  the  tubes. 

The  air-space  in  the  grates  for  soft  coal  should  be  from  J"  to  |",  and 
for  hard  coal  from  f  'to  f , 

Two  heavy  cast-iron  arch  bars  for  supporting  brick  at  rear  of  boiler. 

One  back  door  and  frame  of  cast  iron,  to  provide  access  to  rear  of 
the  setting. 

All  necessary  anchor-bolts  for  holding  front  and  back  doors  in  posi- 
tion, and  at  least  four  long  tie-bolts  extending  full  length  of  the  setting, 
with  cast-iron  washers  for  rear  end. 

■  Four  heavy  cast-iron  buck-stays  with  rods,  extending  crosswise  of  the 

setting,  for  supporting  side  walls. 
Four  cast-iron  wall-plaies  with  rollers  (or  supporting  brackets  to  rest 

/■«///>rfi.— One  steam-gauge  inches  diameter.  One  lever  safety- 
valve.  One  water-gauge  fitted  to  cast-iron  water-column,  with  three 
Igauge-CDcks.  One  steam-cock  for  blow-off.  One  globe-valve,  and  one 
check-valve  for  feed-pipe  connections.  One  set  of  fire  tools,  slice- 
bar,  and  rake.  One  damper  with  suitable  bandies  and  with  auto- 
matic regulator. 
: 


I 


■  If  rocking  gaic«  ; 


>alil  be  fpcclGed. 
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It  is  generally  desirable  to  provide  two  independent  methods 
of  feeding,  so  that  an  accident  will  not  affect  the  supply  of  feed- 
water;  but  specifications  for  the  feed-pumps  are  not  often  in- 
cluded with  those  for  the  boiler. 

229.  Protection  from  Fire— Hot  Air  and  Steam  Heating. 
— Where  hot-air  stacks  or  steam-pipes  pass  up  through  parti- 
tions near  woodwork  there  is  considerable  danger  of  fire,  and 
for  this  reason  certain  requirements  have  been  made  both  as 
to  the  position  of  hot-air  pipes  in  furnace-heating  and  steam 
pipes  in  steam-heating.  The  following  digest,  compiled  by 
H.  A.  Phillips,  of  the  municipal  laws  relating  to  hot  pipes  in 
buildings,  in  force  in  some  of  the  principal  cities  of  the  United 
States,  appeared  in  the  American  Architect  and  Building  News^ 
Feb.  1893,  and  is  useful  in  preparing  specifications.  They  are 
as  follows : 

Boston, — I.  Hot-air  pipes  shall  be  at  least  i  inch  from  woodwork. 

(This  may  be  modified  by  inspector  in  first-class  buildings.) 

2.  Any  metal  pipe  conveying  heated  air  or  steam  shall  be  kept  i  inch 
from  any  woodwork,  unless  pipe  is  protected  by  soapstone  or  earthen 
tube  or  ring,  or  metal  casing 

Baltimore, — i.  Metal  flue  for  hot  air  may  be  of  one  thickness  of 
metal,  if  built  into  stone  or  brick  wall. 

2.  Otherwise  it  must  be  double,  the  two  pipes  separated  by  i  inch 
air-space. 

3.  No  woodwork  shall  be  placed  against  any  flue  or  metal  pipe  used 
for  conveying  hot  air. 

Chicago.  —  I.  Hot-air  conductors  placed  within  10  inches  of  wood- 
work shall  be  made  double,  one  within  the  other,  with  at  least  \  inch 
air-space  between  the  two. 

2.  All  hot-air  flues  and  appendages  shall  be  made  of  IC  or  IX  bright 
tin. 

3.  Steam-pipes  shall  be  kept  at  least  2  inches  from  woodwork,  unless 
protected  by  soapstone,  earthen  ring  or  tube,  or  rest  on  iron  supports. 

Cincinnati. — No  pipes  conveying  iieated  air  or  steam  shall  be  placed 
nearer  than  6  inches  to  any  unprotected  combustible  material.  All 
subject  to  approval  of  inspector. 

Cleveland. — i.  Hot-air  conductors  placed  within  10  mches  of  wood- 
work shall  be  made  double,  one  within  the  other,  with  at  least  \  inch 
air-space  between  the  two. 

2.  No  pipes  conveying  heated  air  or  steam  shall  be  placed  nearer 
than  6  inches  to  any  unprotected  combustible  material. 

Denver. — Metal  flue  for  hot  air  may  be  of  one  thickness  of  metal,  if 
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built  into  stone  or  brick  wall;  otherwise  it  shall  be  made  double  or 
wrapped  in  incombustible  material, 

Dtfroil. — No  meial  pipe  for  conveying  hoi  air  shall  be  placed  nearer 
than  3  inches  to  any  woodwork.  Such  pipes  over  15  feel  long  shall  be 
safely  stayed  by  wire  or  metal  rods. 

District  0/  Coluiiibiii.—t.  Hot-air  pipes  shall  be  at  least  1  inch  from 
woodwork. 

2.  Pipes  passing  through  stud  or  wooden  partitions  shall  be  guarded 
by  double  collar  of  metal,  "giving  at  least  2  inches  air-space,  having 
holes  for  ventilation,  or  other  device  equally  secure,  to  be  approved  by 
inspector." 

3.  Metal  pipe  double,  with  the  space  filled  with  i  inch  of  non-com- 
bustible, non-conducting  material,  or  a  single  pipe  surrounded  by  1  inch 
ol  plaster  of  Paris  o>  other  non-conducting  material  between  pipe  and 
timber, 

Kansas  City. — i.  Any  metal  pipe  conveying  heated  air  or  steam  shall 
be  kept  1  inch  from  any  woodwork,  unless  pipe  is  protected  by  soap- 
stone  or  earthen  tube  or  ring,  or  metal  casing,  or  otherwise  protected  to 
satisfaction  of  superintendent. 

□  wooden  flue  or  air-duct  for  heating  or  ventilation  shall  be 
jBlaced  in  any  building. 

Memphis.— \.  All  stone  or  brick  hot-air  flues  and  shafts   shall  be 
tin  pipes. 

2.  No  wooden  casing,  furring,  or  lath  shall  be  placed  against  or  over 
any  smokc-fiuc  or  metal  pipe  used  to  convey  hot  air  or  steam, 

3.  No  metal  flues  or  pipes  to  convey  heated  air  shall  be  allowed 
unless  inclosed  with  4  inches  thickness  of  hard,  incombustible  material, 
except  horizontal  pipes  in  stud  partitions,  which  shall  be  built  In  the 
following  manner  ;  The  pipes  shall  be  double,  one  inside  the  other,  and 
\  inch  apart,  and_  with  3  inches  space  between  pipe  and  stud  on  each 
side ;  the  inside  faces  of  said  stud  well  lined  with  tin  plate,  and  the  out- 
side face  with  iron  lath  or  slate.  Where  hot-air  pipe  passes  through 
partition  shall  be  at  least  8  feet  from  furnace, 

4.  Horizontal  hoi-air  pipes  shall  be  kept  6  inches  below  floor-beams 
or  ceiling.  If  floor-beams  or  ceiling  are  plastered  or  protected  by  metal 
shield,  then  distance  shall  not  be  less  than  3  inches. 

5.  Where  hot-air  pipes  pass  through  wooden  or  stud  partition,  they 
shall  be  guarded  by  double  collar  of  meial  with  2-inch  air-space  and 
holes  for  ventilation,  or  bv  4  inches  of  brickwork. 

6.  No  hot-air  fines  or  pipes  shall  be  allowed  between  any  combus- 
tible floor  or  ceiling, 

7.  Steam-pipe  shall  not  be  placed  less  than  z  inches  from  woodwork 
unless  wood  is  protected  by  metal  shield,  and  then  distance  shall  not  be 
less  than  i  inch, 

^^     8,  Steam-pipes  passing  through  floors  and  ceilings  or  lath-and-plasier 
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partitions  shall  be  protected  by  metal  tube  2  inches  larger  in  diameter 
than  pipe. 

9.  Wooden  boxes  or  casings  inclosing  sieam-pipes  and  all  covers  to 
recesses  shall  be  lined  with  iron  or  tin  plate. 

Milwaukee, — i.  Hot-air  conductors  placed  within  10  inches  of  wood- 
work shall  be  made  double,  one  within  the  other,  with  at  least  i  inch 
air-space  between  them. 

2.  All  hot-air  flues  and  appendages  shall  be  made  of  IC  or  IX  bright 
tin. 

Nashville, — i.  Sheet-iron  flue  running  through  floor  or  roof  shall 
have  a  sheet-iron  or  terra-cotta  guard  at  least  2  inches  larger  than  flue. 

2.  Steam-pipes  shall  be  kept  at  least  2  inches  from  woodwork. 

3.  All  steam  and  hot-air  flues  and  pipes  must  be  suspended  by  iron 
brackets.  , 

Newark, — i.  Hot-air  pipes  shall  be  set  at  least  2  inches  from  wood- 
work and  the  woodwork  protected  with  tin. 

2.  Such  pipes  placed  in  lath-and- plaster  partitions  must  be  covered 
with  iron,  tin,  or  other  fire-proof  material. 

New  York, — (Same  regulations  as  noted  under  heading  of  "Mem- 
phis.") 

No  hot-air  flue  or  pipe  allowed  between  combustible  floor  or  ceiling. 

Omaha, — i.  Steam-pipe  shall  not  be  placed  less  than  2  inches  from 
woodwork  unless  wood  is  protected  by  metal  shield  ;  and  then  distance 
shall  not  be  less  than  i  inch. 

2.  Steam-pipes  passing  through  floors  and  ceilings,  or  lath-and- 
plaster  partitions,  shall  be  protected  by  metal  tube  2  inches  larger  in 
diameter  than  pipe. 

3.  Wooden  boxes  or  casings  inclosing  steam-pipes  and  all  covers  to 
recesses  shall  be  lined  with  iron  or  tin  plate. 

4.  Stud  partitions  in  which  hot-air  pipes  are  placed  to  be  at  least  5 
mches  wide,  and  the  space  between  studs  at  least  14  inches. 

5.  Hot-air  pipes  shall  not  be  placed  between  floor-joists  unless  same 
are  doubled  and  the  joists  14  inches  apart. 

6.  Bright  tin  shall  be  used  in  construction  of  all  hot-air  flues  and 
appendages. 

Prcrvidence. —  i.  Hot-air  pipes  shall  be  at  least  i  inch  from  wood- 
work, unless  protected  by  soapstone  or  earthen  ring,  or  metal  casing 
permitting  circulation  of  air  around  pipe. 

2.  Steam-pipes  must  be  kept  at  least  i  inch  from  woodwork,  or  sup- 
ported by  incombustible  tubes  or  rest  on  iron  supports. 

St.  Louis. — I.  Hot-air  pipes  shall  be  at  least  i  inch  from  woodwork, 
unless  protected  by  soapstone  or  earthen  ring  or  metal  casing  permitting 
circulation  of  air  around  pipe. 

2.  Steam  or  hot- water  pipes  carried  through  wooden  partition  or 
between  joists,  or  in   other    close    proximity  to  woodwork,  shall  be 
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inclosed  in  clay  pipe  or  covered  with  (elling  or  olher  non-conducting 
nateridl. 

San  Francisco. — i.  Meta!  flue  lor  hot  air  may  be  of  one  thickness  of 
metal,  if  built  into  stone  or  brick  wall;  otherwise  double,  one  pipe 
within  the  other,  \  inch  apart,  and  space  lilled  with  6re-proo(  inateri<il. 

:.  No  woodwork  shall  be  placed  against  any  flue  or  metal  pipe  used 
for  conveying  hot  air. 

3.  Steam-pipes  shall  be  placed  at  least  3  inches  from  woodwork,  or 
protected  by  ring  of  snapsione  or  earthenware. 

Wilminglon. — Metal  pipes  to  carry  hot  air  shall  be  double,  one  inside 
the  other,  t  Inch  apart;  or,  if  single,  have  a  thickness  of  I  inches  of 
plaster  of  Paris  between  pipe  and  woodwork  adjoining  same. 

230.  Duty  of  the  Architect. — The  heating  system  is  an 
essential  part  of  liie  building  in  this  latitude,  and  it  should  be 
the  duty  of  the  architect  to  provide  building  designs  of  such 
character  that  it  can  be  readily  and  ecoiiomicaily  installed.  The 
architects  specifications  for  the  buildings  hould  provide  for  the 
construction  of  ventilating,  heating,  and  smoke  flues,  and  his 
plans  should  show  the  location,  including  pipe-lines,  of  every 
essential  part  of  the  heating  apparatus.  All  responsibility  re- 
garding flues  and  the  general  adaptability  of  the  heating  sys- 
tem to  the  building  should  be  assumed  by  the  architect,  and 
not  shifted  to  the  contractor.  If  the  heating  system  is  designed 
at  the  same  time  a.s  the  building,  slight  changes  can  be  made 
in  arrangements  of  details,  partitions,  doors,  etc..  that  will  tend 
to  cheapen  construction,  and  will  add  to  the  efficiency  of  opera- 
tion and  the  general  appearance  of  the  heating  apparatus.  If 
steam  or  water  pipes  are  required  to  be  erected  out  of  sight, 
conduits  should  be  provided,  so  that  they  will  be  readily 
accessible  for  inspection  and  repairs. 

231.  Methods  of  Estimating:  Cost  of  Construction. — In 
estimating  the  cost  of  construction  of  any  system  of  heating 
apparatus  the  contractor  must  depend  largely  upon  his  own 
experience  and  knowledge.  No  general  directions  can  be  given, 
but  a  few  suggestions  are  offered  which  may  aid  in  adopting  a 
systematic  method  of  proceeding.  Determine  first  the  amount 
and  character  of  radiation  to  be  placed  in  each  room  by  the 
methods  which  have  already  been  given  fully  in  Chapter  X. 
Second,  determine  the  position  and  sizes  of  pipes  leading  from 
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the  heater  to  the  various  radiating  surfaces  by  methods  given 
in  Chapter  XL 

To  facilitate  the  above  work,  a  set  of  floor  drawings  of  each 
story  should  be  obtained,  and  on  these  there  should  be  carefully 
laid  out  the  position  of  all  radiators,  flues,  pipe-lines,  etc.  After 
determining  the  amount  required,  a  schedule  of  material  should 
be  made  and  the  cost  should  be  computed. 

The  manufacturers  have  adopted  a  price,  which  is  changed 
very  rarely,  for  all  standard  fittings,  pipes,  etc.,  and  from  which 
a  discount  is  given  which  varies  with  the  condition  of  the 
market,  cost  of  material,  labor,  etc.  The  discount  is  usually 
large  upon  cast-iron  fittings  and  brass  goods,  being  seldom  less 
than  70  per  cent,  and  sometimes  80  per  cent  and  even  greater. 
The  discount  on  piping,  especially  the  smaller  sizes,  is  much 
less,  ordinarily  ranging  from  40  to  70  per  cent. 

The  cost  of  labor  will  vary  greatly  in  different  localities,  so 
that  no  general  method  of  estimating  can  be  given.  It  must 
be  determined  largely  by  experience  in  each  locality  and  with 
a  given  set  of  men.  The  cost  of  heaters  of  any  given  type,  with 
fittings,  etc.,  can  only  be  determined  accurately  by  correspond- 
ence with  manufacturers. 

Table  XXIV^?  may  frequently  be  useful,  as  it  gives  the  list- 
price  of  the  principal  standard  fittings,  pipes,  and  valves  (see 
appendix  to  book). 

232.  Suggestions  for  Pipe-fitting. — Certain  suggestions 
are  here  made  relating  to  the  actual  work  of  pipe-construction 
which  may  be  useful  to  those  not  having  an  extended  experi- 
ence. 

In  the  actual  construction  of  steam-heating  or  hot-water 
heating  systems  it  is  usually  customary  to  send  a  supply  of 
pipe  and  fittings  to  the  building  somewhat  greater  than  is 
required,  and  the  workman,  after  receiving  plans  of  construction 
which  show  the  location  and  sizes  of  the  various  pipes  to  be 
erected,  makes  his  own  measurements,  cuts  the  pipes  to  the 
proper  length  in  the  building,  threads  them,  and  proceeds  to 
screw  them  into  place.  In  some  rare  instances  all  lengths  of 
pipe  are  purchased  the  proper  length,  and  the  workman  has 
merely  to  put  them  in  the  proper  position.  The  skill  required 
for  pipe-fitting  may  seem  to  the  novice  to  be  easily  acquired : 
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this  is  not  true,  as  it  is  a  trade  requiring  as  much  training  and    | 
experience  as  any  with  which  the  writer  is  familiar. 

The  tools  belonging  to  this  trade  consist  of  tongs  or  wrenches 
(or  screwing  the  pipe  together,  cutters  for  cutting,  taps  and  dies  1 
for  threading  the  pipe,  and  vises  for  holding  it  in  position  while  ' 
cutting  or  threading.  A  very  great  variety  of  tongs  and 
wrenches  is  to  be  found  on  the  market,  some  of  which  are  ad- 
justable to  various  sizes  of  pipe,  and  others  are  suited  for  only 
one  size.  For  rapid  work  no  tool  is  perhaps  superior  to  the 
plain  tongs,  and  one  or  more  sets  especially  for  the  smaller  sizes 
of  pipes  should  always  be  available.  For  large  pipes,  chain 
tongs  of  some  pattern  will  be  found  strong  and  convenient,  and 
can  be  used  with  little  danger  o£  crushing  the  pipe.  A  form  of 
adjustable  wrench  known  from  the  inventor  as  the  Stilson 
wrench  has  proved  a  very  excellent  and  durable  tool,  and  is 
well  worthy  a  place  in  the  chest  of  any  fitter.  Other  wrenches 
of  value  are  also  on  the  market,  one  with  a  triangular  head  and 
projecting  teeth  being  especially  valuable  for  small  pipes.  The 
wrenches  or  tongs  which  are  used  for  turning  the  pipe  in  most 
cases  exert  more  or  less  lateral  pressure,  and  if  too  great  strength 
pplicd  at  the  handles  there  is  a  tendency  to  split  the  pipe. 
It  is  an  advantage  to  have  the  tongs  or  wrenches  catch  on  the 
outer  circumference  of  the  pipe  with  as  little  lateral   pressure 

posible,  and  to  this  end  the  projecting  edges  should  be  kept 
sharp  and  clean. 

The  cutter  ordinarily  employed  for  small  pipe  consists  of 
one  or  more  sharp-edged  steel  wheels,  which  are  held  in  an  ad- 

■table  frame,  the  cutting  being  performed  by  applying  pres- 

re  and  revolving  it  around  the  pipe.  With  this  instrumen 
the  cutting  is  accomplished  by  simply  crowding  the  metal  lo  om 
side,  and  hence  burrs  of  considerable  magnitude  will  be  formed 
both  oh  the  outside  and  inside  of  the  pipe.  The  outside  burr 
must  usually  be  removed  by  filing  before  the  pipe  can  be 
threaded.  The  inside  burr  forms  a  great  obstruction  to  the 
flow  of  steam  or  water,  and  should  in  every  case  be  removed  by 
the  use  of  a  reamer.  Workmen  quite  often  neglect  to  rer 
the  inside  burr.  A  cutter  consisting  of  a  cape  chisel  set  in  a 
frame  is  more  difficult  to  use  and  keep  in  order,  although  it 
makes  cleaner  cuts:   it  can  be  had  in  connection  with  some 
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of  the  adjustable  die-stocks,  but  is  rarely  used.  Pipes,  es- 
pecially the  larger  sizes,  are  sometimes  cut  by  expert  workmen 
with  diamond-pointed  or  cape  chisels^  but  this  process  requires 
too  much  time  to  be  applicable  to  small  pipes. 

The  hack-saw  is  coming  into  use  to  some  extent  for  cutting 
pipes,  and  is  an  excellent  instrument  for  this  purpose,  as  it  does 
not  tend  to  burr  or  crush  the  pipe,  and  is  quite  as  rapid  as  the 
wheel-cutter. 

The  dies  for  threading  the  pipes  are  of  a  solid  form,  each 
die  fitting  into  a  stock  or  holder  with  handles,  or  of  an  adjust- 
able form,  the  dies  being  made  of  chasers,  which  are  held  where 
wanted  and  can  be  set  in  various  positions  by  a  cam.  The 
adjustable  dies  can  be  run  over  the  pipes  several  times,  and 
hence  work  easier  than  solid  ones ;  but  in  their  use  great  care 
should  be  taken  that  the  exterior  diameter  of  the  pipe  is  not 
made  less  than  the  standard  size.  The  cutting  edges  of  the 
dies  should  be  kept  very  sharp  and  clean,  otherwise  perfect 
threads  cannot  be  cut.  In  the  use  of  the  dies  some  lubricant, 
as  oil  or  grease,  kept  on  the  iron  will  be  found  to  add  materi- 
ally to  the  ease  with  which  the  work  can  be  done,  and  will  tend 
to  prevent  heating  and  crumbling  of  the  pipe  and  injury  to  the 
threads. 

Taps  are  required  for  cutting  threads  in  openings  or  coup- 
lings into  which  pipes  must  be  screwed — an  operation  which  the 
pipe-fitter  seldom  has  to  perform,  unless  a  thread  has  been  in- 
jured. The  vises  for  holding  the  pipe  should  be  such  as  will 
prevent  it  from  turning  without  crushing  it  under  any  circum- 
stances. Adjustable  vises  with  triangular-shaped  jaws  on  which 
teeth  are  cut  are  usually  employed. 

In  the  erection  of  pipe  great  care  should  be  taken  to  pre- 
serve the  proper  pitch  and  alignment,  and  the  pipes  should, 
to  appear  well,  be  screwed  together  until  no  threads  are  in 
sight.  Every  joint  should  be  screwed  six  to  eight  complete 
turns  for  the  smaller  sizes,  2"  and  under,  and  eight  to  twelve 
turns  for  the  larger  sizes,  otherwise  there  will  be  danger  of 
leakage.  It  is  a  good  plan  to  test  the  threads  on  all  pipes 
before  erection  by  unscrewing  the  coupling  and  screwing  it 
back  with  the  ends  reversed.  It  is  also  advisable  to  look 
through  each  length  of  pipe  and  see  if   it  is  clear  before  erect- 
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ing  in  place ;  serious  trouble  has  been  caused  by  dirt  or  waste 
in  pipes,  which  would  have  been  removed  had  this  precaution 
been  taken. 

In  screwing  pipes  together,  red  or  white  lead  is  often  used ; 
the  writer  believes  this  practice  to  be  generally  objectionable, 
and  to  be  of  no  especial  benefit  in  preventing  leaks.  The  lead 
acts  as  a  lubricant,  and  consequently  aids  by  reducing  the 
force  required  to  turn  the  pipe.  It  will  generally  be  found, 
however,  that  linseed  or  some  good  lubricating  oil  will  be 
equally  valuable  in  that  respect,  and  will  have  the  advantage 
of  not  discoloring  the  work. 

If  possible,  arrange  the  work  so  that  it  can  "  be  made  up" 
with  right  and  left  elbows,  or  right  and  left  couplings.  Packed 
joints,  especially  unions^  are  objectionable,  and  likely  to  leak 
after  use.  Flange-unions,  packed  with  copper  gaskets,  should 
be  used  on  heavy  work. 

Good  workmanship  in  pipe-fitting  is  shown  by  the  perfec- 
tion with  which  small  details  are  executed,  and  it  should  be 
remembered  that  bad  workmanship  in  any  of  the  particulars 
mentioned  may  defeat  the  perfect  operation  of  the  best-de- 
signed plant. 
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LITERATURE   AND    REFERENCES. 

The  literature  devoted  to  the  subject  of  warming  and  ven- 
tilation is  quite  extensive,  dating  back  to  a  treatise  on  tlie 
economy  of  fuel  and  management  of  heat  by  Buchanan  in 
1815.  A  most  excellent  compilation  of  this  literature  was 
made  by  Hugh  J.  Barron  o(  New  York,  in  a  paper  presented  to 
the  American  Society  of  Heating  and  Ventilating  Engineers 
at  its  first  meeting  in  January,  1895,  from  which  the  following 
list  of  books  has  been  copied  : 

A  Treatise  on  ihe  Economy  of  Fuel  and  Management  of  Heat. 
Robertson  Ruchnnan,  C.E.     Glasgow,  1815. 

Conducting  of  Air  by  Forced  Ventilation.  Marquis  de  Chahanncs. 
London.  iSiS. 

The  Principles  of  Warming  and  Ventilating  Public  Buildings,  Dwell- 
ing-houses, etc.     Thos.  Tredgold,  C.E.      London,  tin. 

Warming,  Ventilation,  and  Sound.     W.  S.  Inman.     London,  1836, 

The  Principles  of  Warminjr  and"  Ventilating,  by  Thos.  Tredgold.  with 
an  appendix.    T.  Bramah,  C.E.     London,  1836. 

Heating  by  the  Perkins  System,     C.  J.  Richardson.     London,  184O. 

Illustrations  of  the  Theory  and  Practice  of  Ventilation,  with  Re- 
marks on  Warming.     David  Boswell  Reid,  M.D.    London,  [844. 

A  Practical  Treatise  on  Warming  by  Hot  Water,  Chas.  Hood, 
F.R.S,      London.  1844. 

History  and  Art  of  Warming  and  Ventilating.  Walter  Bernan,  C.E, 
London,  1S45. 

Warming  and  Ventilation,     Chas,  Tomlinson,     London,  1S44. 

Walker's  Hints  on  Ventilation.     London,  1845. 

Practical  Treatise  on  Ventilation.     Morrill  Wyman.     Boston,  1846. 

Trait^  de  la  Clialcur.  E.  Ptclet.  Paris,  first  edition,  1848;  sec- 
ond edition,  3  vols,  iSjg. 
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Practical  Method  of  Ventilating  Buildings,  with  an  appendix  on 
Heating  by  Steam  and  Water.     Dr.  Luther  V.  Bell.    Boston,  1848. 

Warming  and  Ventilation.     Chas.  Tomlinson.    London,  1850. 

Practical  Ventilation.     Robert  Scott  Burns.    Edinburgh,  1850. 

Ventilation  and  Warming.    Henry  Ruttan.     New  York,  1862. 

A  Treatise  on  Ventilation.    Robert  Richey.    London,  1862. 

American  edition  of  Dr.  Reid's  Ventilation  as  Applied  to  American 
Houses,  edited  by  Dr.  Harris.     New  York,  1864. 

A  Treatise  on  Ventilation.    Lewis  W.  Leeds.    Philadelphia,  1868; 
New  York,  1871. 

Observations  on  the   Construction    of    Healthy  Dwellings.     Capt. 
Douglas  Gal  ton.    Oxford,  1875. 

Practical  Ventilating  and  Warming.   Jos.  Constantine.  London,  1875. 

Warming  and  Ventilation.  Chas.  Tomlinson.  London,  1876.  Sixth 
edition. 

Mechanics  of  Ventilating.    Geo.  W.  Rafter,  C.E.    New  York,  1878. 

Ventilation.    H.  A.  Gouge.     New  York,  1881. 

Ventilation.     R.  S.  Burns.    Edinburgh,  1882. 

American  Practice  in  Warming  Buildings  by  Steam.  Robert  Briggs. 
Edited  by  A.  R.  Wolf,  with  additions.     New  York,  1882. 

Steam-heating  for  Buildings.  W.  J.  Baldwin.  New  York,  1883. 
Thirteenth  edition  published  in  1893. 

The  Principles  of  Ventilation  and  Heating.  John  S.  Billings,  M.D. 
New  York,  1884. 

Heating  by  Hot  Water.    Walter  Jones.    London,  1884. 

A  Manual  of  Heating  and  Ventilation.  F.  Schuman.  New  York, 
1886. 

Ventilation.     W.  Butler.     Edited  by  Greenleaf.     New  York,  1888. 

Steam-heating  Problems  from  the  Sanitary  Engineer.  New  York, 
1888. 

Metal  Worker  Essays  on  House  Heating.     New  York,  1890. 

Heat — Its  Application  to  the  Warming  and  Ventilation  of  Buildings. 
John  H.  Mills.     Boston,  1890. 

Ventilation  and  Heating.    T.  Edwards.    London,  1890. 

Ventilation— A  Text-book  to  the  Art  of  Ventilating  Buildings. 
Wm.  Paton  Buchan.     London,  1891. 

The  Ventilating  and  Warming  of  School  Buildings.  Gilbert  B.  Mor- 
rison.    New  York,  1892. 

Hot-water  Heating.     Wm.  J,  Baldwin.    New  York,  1893. 

Ventilation  and  Heating.    John  S.  Billings.  M.D.     New  York,  1893. 

Warming  by  Hot  Water,  Chas.  Hood.  C.E.  Edited  by  F.  Dye. 
London,  1894. 

In  addition  to  this  list  of  books  a  large  number  of  pam- 
phlets have  been  printed  containing  valuable  articles  on  spe- 
cial subjects.     The  scope  of   this  work  does  not  permit  any 
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lustorical  review  of  llie  literature  or  of  progress  and  improve- 
ments in  the  art  of  heating, 

CURKENT  UTKRATURE  OK  THE  DAY. 
The  current  literature  relating  to  this  subject  is  extensive. 
^nd  consists  mainly  of  magazines  and  papers  published  weekly 
■or  monthly,  and  devoted  to  the  whole  or  to  special  parts  of 
Jie  industry.  In  these  journals  are  to  be  found  from  time  to 
ttime  descriptions  of  new  apparatus  and  complete  drawings  of 
plants  recently  constructed  which  will  prove  invaluable  in  the 
study  of  this  art, 

The  American  Society  of  Heating  and  Ventilating  Engi- 
Aeers,  formed  soon  after  the  publication  of  the  first  edition 
(Df  this  book,  has  contributed  greatly  to  advance  the  scientific 
md  practical  knowledge  of  the  art  of  healing  and  ventilating. 
uch  information  for  the  fourth  edition  of  the  work  has  been 
ipbtained  from  the  Transactions  of  that  society,  which  arc  the 
itjost  valuable  books  of  reference  yet  published  for  engineers. 
LIST   OF   TABLES   IN    BODY   OF   BOOK. 
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Radiator  proportions 149 

Radiator  tests,  hot-water 102 

Radiator  tests,  indirect 105,  106 

Radiator  tests,  steam-heated  sur- 
faces. .97,  98,  99,  100,  loi,  103,  104 


PACE 


Register  areas 322 

Relation  between  pressure  and 

temperature 189 

Relation  between    velocity    and 

force  of  air 55 

Relative  conducting  powers. ...     18 

Relative  emissive  powers 16 

Relative  reflecting  powers 16 

Relative  weight  of  air  and  water  361 
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Stack  areas 320 
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Steam-pipes,  capacity 258 
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descent bodies X3 

Thermometric  scales 8 
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Velocity  in  hot-water  pipes 251 
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Reduction  Table  United  States  and  Metric  Systems. 

Equivalent  Value  of  Units  British  and  Metric  Systems. 

Reduction  Table — Ounces  to  Inches  of  Water. 

Properties  of  Gases. 

Properties  of  Circles,  Squares,  and  Cubes. 

Circumferences  and  Areas  of  Circles. 

Logarithms  of  Numbers. 

Properties  of  Familiar  Substances. 

Coefficients  of  Strengths  of  Materials. 

Properties  of  Air. 

Relative  Weights  of  Water  and  Air. 

Moisture  Absorbed  by  Air. 

Relative  Humidity  of  Air. 

Properties  of  Saturated  Steam. 

Composition  of  Various  Fuels  in  United  States. 

Barometer  Corrections  for  Freezing-points. 

Theoretical  Velocity  of  Air  in  Flues. 

Thermal  Conductivities. 

Standard  Dimensions  of  V/rought-iron  Pipe. 

Weight  of  Water  at  Different  Temperatures. 

Reduction  Pressure  per  Square  Inch  to  Feet  of  Water. 

Contents  of  Pipes  in  Cubic  Feet  and  Gallons. 

Equalization  of  Pipe  Areas. 

Horse-power  Lost  in  Friction  of  Air. 

Theoretical  Horse-power  required  to  move  a  Given  Volume 

of  Air. 
Diameter  of  Pipe  to  Discharge  Given  Volume  of  Air. 
Velocity  of  Air  Flowing  in  a  Pipe. 
Temperature  of  Various  Localities. 
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EXPLANATION  OF  TABLES. 
Of  the  tables  which  have  been  given  a  few  only  need  special 
rexplanation  in  order  to  fully  understand  their  use.  These  are 
as  follows:  Table  No.  VI I,  Logarithms  of  numbers.  This  table 
will  be  found  of  very  great  convenience  in  facilitating  any 
operation  involving  multiplication  and  division.  Thus  it  will 
be  found  in  every  case  that  the  sum  of  two  logarithms  is  the 
logarithm  of  a  number  equal  to  the  product  of  the  two  num- 
bers whose  sum  was  taken,  and  the  difference  of  two  logarithms 
is  the  logarithm  of  the  quotient  obtained  by  dividing  one  by 
the  other.  Every  logarithm  consists  of  two  parts:  a  decimal 
part,  which  is  given  in  the  table,  and  an  index  or  characteristic, 
which  must  be  prefixed.  The  index  or  characteristic  is  a  whole 
number  and  is  one  less  than  the  number  of  integral  places; 

tfor  a  decimal  number  it  is  negative  and  one  more  than  the 
;number  of  ciphers  between  the  decimal  point  and  the  first 
significant  figure.  Thus, to  find  the  logarithm  of  254,anumber 
containing  3  integral  places,  the  index  is  2,  the  decimal  part  of 
.this  logarithm  found  opposite  25  and  under  4  in  the  table  is 
4O48.  making  the  full  logarithm  2,4048.  If  the  number  had 
been  25.4  the  index  would  have  been  i,  the  decimal  part  as  be- 
fore. If  the  number  had  been  0.0254,  the  index  would  have 
been  minus  2,  the  decimal  part  the  same  as  before. 

As  an  illustration  showing  how  to  multiply  by  logarit'-ms, 
multiply  254  by  2.48.     We  have  : 

The  logarithm  of  254  =  2.4048' 

2.48  =  a3945 

Log.  of  product  =  27993 

The  sum  of  these  two  logarithms,  which  is  the  logarithm  of 
iduct,  is  equal  to  2.7993.  The  index,  or  number  2,  is  of 
ibowtngthat  there  are  three  figures  or  integral  places  in 
r^Ailtilt  To  find  the  logarithm,  look  in  the  table  for  the 
number  next  smaller  than  7993 ;  in  this  case  the  result  is  exact 
and  is  found  opposite  63  in  the  column  marked  zero,  indicating 
that  the  product  is  630;  the  actual  product  of  these  numbers 
is  slightly  less  than  this,  the  difference,  however,  being  scarcely 
ever  of  any  practical  importance.  Had  our  number  been  7994, 
it  would  have  been  one  greater  than  7993  and  6  less  than  the 
Lioearithm  of  the  next  number. _ -i n , rtnUase  our  numbers 
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have  been  630^^,  which,  reduced  to  a  decimal,  would  have  been 
the  number  to  consider  as  the  product.  The  logarithm  of  a 
power  can  be  found  by  multiplying  the  logarithm  by  the  num- 
ber which  represents  the  power  and  the  logarithm  of  a  root  by 
dividing  by  the  index  of  the  root. 

Thus,  to  raise  368  to  the  fifth  power,  we  have : 

Log.  368  =    2.5658 
Multiply  by  5 

Log.  5th  power  =  12.8290 
No.  =  674i  expanded  to  13  places  =  674500000000a 

To  extract  5th  root :  368 : — 

Log.  368  =  2.5658 
Divide  by  5  =  0.51 316  =  log.  of  root 
Root  =  3.259 

In  general  the  table  will  be  found  to  afford  an  easy  method 
of  dividing  or  multiplying,  and  it  will  be  well  worth  while  to 
become  master  of  its  use. 

The  table  which  is  printed  in  the  book  is  correct  for  4  places 
of  figures  only,  but  tables  of  7  and  even  13  places  have  been 
printed. 

The  four-place  table  can  be  used  with  confidence  for  all 
operations  not  requiring  extreme  accuracy.  It  will  in  almost 
every  case  be  found  sufficiently  accurate  for  all  practical  prob- 
lems of  designing. 

The  method  of  using  Tables  Nos.  XII  and  XII^  to  deter- 
mine the  amount  of  moisture  in  the  air  has  been  quite  fully  ex- 
plained on  p.  32.  The  method  of  using  Table  No.  XIII  (prop- 
erties of  saturated  steam)  has  been  fully  explained  on  p.  150. 
The  reader  should  note  that  the  steam-pressure  tabulated  is  that 
above  a  vacuum,  and  not  the  reading  of  a  pressure-gauge.  The 
pressure-gauge  reads  from  the  atmosphere,  which  is  generally 
14.7  pounds  above  zero  ;  hence,  in  order  to  use  the  table,  add 
14.7  pounds  to  the  steam-gauge  reading  for  the  pressure  above 
zero.     The  other  quantities  will  be  quite  readily  understood. 

The  table  for  equalization  of  pipe  areas  has  been  quite  fully 
explained  on  page  387.  The  number  of  pipes  of  the  size,  as 
shown  in  the  side  column,  required  to  give  an  equivalent  area 
to  the  one  in  the  top  column  is  given  by  the  numbers.  Thus 
14.7  pipes  I  inch  in  diameter  have  a  carrying  capacity  equfva- 
lent  to  that  of  one  pipe  3  inches  in  diameter. 
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Table  No.  II. 


foot  =  12  inches  =  30.48  centimetres  =  0.3048  metre. 
One  metre  =  100  centimetres  =  3.2808  ft.  —  1.936  yd. 
One     mile  =  5280  ft.  =  1750  yd.  =  1609.3  metre. 
One     foot  =  144  sq.  in.  =  1/9  sq,  yd,  =  929  sq,  centimetres 

.0929  sq.  metre. 

One    sq.    metre  =  lOOOO  sq.  centimetres  =  r.1960  sq.  yds.  = 
10.764  sq,  ft. 
ine   cubic   foot  =  1728    sq.    in.  =  2832    cu.    centimetres  = 

0.02832  cu,  metres. 
Ine  cubic  metre  =  35.314  cu.  ft.  =  1.3079  cu.  yds. 
Ine  pound  adv.  =  7000  grains  =  16   oz.  =  453.59   grains  = 

0.45359  kilograms. 
Ine       kilogram  =  looo  grams  =  2,2046  lbs.  =  15432  grains  = 
35.27  oz.  adv. 

COMPOUND    UNITS. 

One  foot-pound  =  ai3826  kg.-mt.  =  1.3826  gr..c.  =  1/778  B. 

T,  U. 

Ine  horse-power  =  33000  ft, -pound  per  minute  =  746  Watts. 

Ine    kilogram-metre  =  7.233  ft.-lb  =  723.300  gr.-c.  =  1/426 

calorie. 
Ine  gram-centimetre  =  i/iooooo  kg.-mt.  =  .00007233  ft.-lb. 
One     calorie  =  426.10   kg.-mt.  =  3.9672    B.   T.    U-  =  42000 
million  ergs  per  second  =  42  Watts. 
ne  B.  T.  U.  =  778  ft.-lbs.  =  0.2521  cal.  =  10820  mil.  ei^s.  =. 

107:37  kg,-m. 
ne  calorie  per  sq,  metre  =  0,3686  B.  T.  U.  per  sq.  ft. 

C.  G.  S.  SYSTEM. 
One  dyne  =  one  gram  /981  =o.c»3is  lb. 
One     erg.  =  i  dyne  X  l  cent,  =  0.0000707  ft.-lb. 
One  Watt  =:  10  mil.  ergs,  per  sec.  =  0738  ft.-lbs,  per  sec.  = 


h.  p.  /746. 
One  h.  p.  ~.  746  Watts. 
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Table  III.— reduction  table. 

HEIGHT   OF    WATER-COLUMN     IN    INCHES   TO  CORRESPOND   TO   VARIOUS    PRES- 
SURES  IN   OUNCES    PER   SQUARE   INCH.      TEMPERATURE   50   FAHR. 


Fret  sure 
'    in  Uz. 
per 
Sq.  In. 


o 

I 
a 

3 

4 

5 

6 

7 
8 


Decimal  Farts  of  an  Ounce. 


3*40 
5.19 
6.92 
8.65 
10.38 
1a.11 

»3-84 
>5-$7 


.1 


0.17 
1.90 

363 

5-36 

7.09 

8.8a 

10.55 

13. a8 

14.01 

»5.74 


0'35 
a. 08 

3.81 

5-54 

7-«7 
9.00 
10.73 
ia.46 
14.19 
i5-9a 


0.5a 
«.a5 
398 
5-7« 
7-44 
9.17 
10.90 
13.63 

>4..i6 
16.09 


0.69 
a.  4a 

4«5 
5.88 
7.61 

9  34 
11.07 
ia.8o 

M-53 
16.  a6 


.6 


0. 

87 

1.04 

a. 

60 

a. 77 

4< 

33 

4.50 

6.06 

6.33 

7 

79 

7.96 

9 

5a 

9.69 

11 

26 

«i-43 

la 

.97 

«3i5 

M 

•7« 

14.88 

16 

■45 

16.6a 

8 

•O 

..38 

1.56 

3.11 

3-»9 

4.84 

5.01 

6.57 

6.75 

8.30 

8.4^ 

10.03 

10. at 

11.77 

11.95 

«3  49 

13.67 

15. aa 

15.40 

16.96 

17.14 

PRESSURES    IN   OUNCES    PER  SQUARE  INCH  CORRESPONDING  TO  VARIOUS  HEADS 

OF   WATER    IN    INCHES. 


Head  in 
Inches. 


o 
I 
a 

4 
.•S 

6 

7 
8 

9 


Decimal  PartH  of  an  Inch. 


0.58 
1.16 
«.73 
a-3« 
a. 89 

3-47 
4-04 

4. fa 


1  .. 

.a 

•3 

•4 

•5 

.6 

■7 

.8 

0.06 

0.1a 

0.17 

0.23 

0.29 

0.35 

0.40 

0.46 

0.63 

0.69 

0.75 

0.81 

0.87 

0.93 

0.98 

1.04 

I. at 

1.37 

».33 

1.3Q 

>.44 

1.50 

1.56 

1.69 

1.79 

1.85 

1.91 

1.96 

3.03 

3.08 

a. 14 

a.  19 

».17 

3.43 

3.48 

a. 54 

3.60 

3.66 

3.73 

«-77 

a.94 

3.00 

3.C6 

3.12 

3.18 

3. '4 

3.39 

3*35  , 

3-53 

3.58 

3-64 

3.70 

3. 75 

3.81 

3.87 

3-9»  1 

4.10 

4.16 

4.2a 

4.28 

4.33 

4.39 

4.45 

4.50  1 

4.67 

4.73 

4.79 

4.85 

4.9» 

4-P7 

5-03 

5.08 

e.'*^ 

.S-^« 

^•yi 

5-42 

£.48 

S.^4. 

S.60 

^.66 

-9 


0.52 
1.09 
1.67 
3.25 
2.83 
3-41 
398 
4.56 

5«4 


Table  IV. 

TABLE  OF  PROPERTIES  OF  GASES. 


Element  or  Compound. 


Oxygen 

Nitrogen 

Hydrogen 

Argon 

Carbon 

Phosphorus  

Sulphur 

Silicon 

Air 

Water  vapor 

Ammonia 

Carbon  monoxide. . . . 

(Carbonic  oxide) 
Carbon  dioxide 

(Carbonic  acid) 

Ole^ant  gas 

Marsh  gas 

Sulphurous  acid 

Sulphuretted  hydrogen 
Bisulphuret  of  carbon. 
Ozone 


Svmbol  by 
Volume. 


O 

N 
H 

C 
P 

s 

Si 
79N  +2IO 

HaO 

NH, 
CO 

COa 

CH, 

CH4 

SO, 

SHa 

SaC 

Os 


Atomic 
Weights. 


16 

14 
I 

12 

31 
32 

M 

18 

17 

28 

44 

14 
16 

64 

34 
76 
24 


Cubic 

feet 

per  lb. 

at  62°. 


Weight 

per.    cu. 

ft.at6a». 

Lbs. 


Specific 
GraTity 

at  62*. 
Water  ==  1 


11.88    O.0S14 

13.54    0.0738 

189.7      0.00527 

15.84  0.63131 
6. 119  O.I 6337 
5.9320. 16861 
13.55*0.07378 
13.14  0.0761 
21.07  ,0.04745 
22.3  0.0448 
13.6      0.07364 

8.64    o.  11631 


13.587 

23.757 

6.463 

5.582 
2.487 
7.97 


0.0736 
0.04209 

0.15536 
0.1 791 8 
0.40052 
0.12648 


0.001350 

0.001185 

0.0000846 

0.001607 

0.001013 

o  0026221 

o  002705 

0.001184 

0.001221 

0.0007613 

o.  001 18 

0.002369 

0.00187 

0.001181 

0.000675 

0.002493 

0.002877 

0.00643 

0.00203 


Relative 
Density. 


1. 10563 

0.97137 
0.06926 

I.3118 

0.82323 

2.1877 

2.2150 

1. 01032 

1. 0000 

0.6253 

0.5892 

0.9674 

1. 52901 

0.96710.1 
0.55306 

1-54143 
2.3943 
5.3007 
1.64656 


♦  By  this  table  there  wou\d  be  la  .75  cubic  iccx.  ol  «it  ax  -s**  v^t  v^i^MA. 
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Table  No.  V. 

1 

TABLE  OF  CIRCLES,   SQUARES.   AND  CUBES. 

1 

, 

ITT 

-• 

,. 

v; 

'^-       1 

Di»ni. 

Circumf. 

a™. 

Squue- 

Cube. 

S9,  Rool. 

-■"■     ■ 

I.O 

3 -Ma 

0.7854 

.000 

1.000 

1. 0000 

1,0000          ^1 

3.456 

0.9503 

1-331 

1.0488 

■ 

1.1310 

1.440 

1,728 

1.0955 

1.0637             ^1 

I  3*73 

l.t^ 

a.  197 

1.1403 

1.0914        ^H 

4.398 

1-5394 

1. 960 

a.  744 

1.183a 

...:.,           ■ 

4.713 

1.7673 

a.  350 

3 -375 

I   3347 

^1 

S-0J7 

a. 0106 

a.  560 

4.096 

1.3649 

1.1696       H 

S-34I 

a, 2698 

a. 890 

4-913 

1.3038 

1.I93S              ■ 

S-^SS 

a-S447 

3-340 

5-B31 

1.3416 

1.2164                    ■ 

S.969 

J-83S3 

3.610 

6.859 

1,3784 

1.3386 

6.283 

3.1416 

4.000 

8.000 

1.4M2 

1-3599 

6.597 

3.4636 

4-410 

9.361 

1-4491 

i.aBo6 

6.91a 

3.8013 

4.B40 

10.648 

1-4833 

1.3006 

7.ai6 

4.1543 

5-390 

13.167 

1.5166 

1,3300 

7 -540 

4  5*39 

S-760 

13.834 

1,5493 

1.3389 

7.S54 

49087 

6.a!o 

15.635 

I.5811 

1-3573 

8.168 

5.3093 

6  760 

17.576 

1   6125 

1-3751 

8, 48a 

5,7as6 

7.390 

19.683 

1-6433 

1-3925 

8.797 

6.I57S 

7.840 

31.952 

1.6733 

1-4095 

9.IU 

6.6051 

8.410 

34.3B9 

1-7039 

1.4360 

9  4^5 

7.0686 

9.00 

S7.000 

'■73*1 

1.44« 

9  ■739 

7.5477 

9.6. 

39.791 

1.7607 

1 .4581 

10.053 

8.0435 

10.44 

33.768 

1.7889 

I .4736 

10.367 

8.5530 

10.89 

35-937 

1.8166 

1.4888 

10. 66 I 

9.0793 

U.56 

39-304 

1.8439 

1.5037 

3-5 

10,996 

9.6a.i 

13.35 

43.875 

1.B70B 

..51BJ 

3.6 

II.JIO 

10.179 

13.96 

46.656 

1.8974 

1.5336 

3-7 

ii.6a4 

to,7sa 

13.69 

50.653 

1.9335 

1.5467 

3-8 

It. 938 

11.341 

14  44 

54-872 

1.9494 

1,5605 

3-9 

la.asa 

I..W6 

15.31 

593'9 

1.9748 

1.5741 

4.0 

ia.s66 

13. 566 

16.00 

64,000 

2.0000 

..5874 

ta.eSi 

13,103 

lb. 81 

68.931 

a -0249 

I. 600s 

I3.'95 

13.854 

17.64 

74-088 

3-0494 

1,6134 

4-3 

13  S09 

14-5S3 

18.49 

79.507 

a. 0736 

i.6a6i 

4-4 

IJ.S23 

iS.aos 

19.36 

85,184 

3.Q976 

1.6386 

4-S 

14.137 

15.904 

30.35 

91    125 

3.iai3 

^ 

4.6 

14-45' 

16.619 

ai.i6 

97-336 

2.1448 

H 

14 -76s 

sa.oQ 

^103.833 

a. 1680 

1                 ■ 

h.      A 
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CIRCLES.   SQUARES.   AND  CUBES--aw/i«f««^. 


n 

NV 

V 

4 

M* 

M« 

Vi 

s 

Diam. 

Circumf. 

Area. 

Square. 

Cube. 

Sq.  Root. 

Cab.  Rt. 

4.8 

15.080 

18.096 

23.04 

110.592 

2.1900 
2.2136 

1.6869 

49 

15.394 

18.857 

24.01 

117.649 

1.6985 

5.0 

15.708 

19.635 

25.00 

125.000 

'  2.2361 

I. 7100 

51 

16.022 

20.428 

26.01 

132.651 

2.2583 

1.7213 

5.2 

16.336 

21.237 

27-04 

140.608 

2.2804 

I . 7325 

5-3 

16.650 

22.062 

28.09 

148.877 

2.3022 

I  -  7435 

5-4 

16.965 

22.902 

29.16 

157.464 

2.3238 

1-7544 

5.5 

17.279 

23.758 

30.25 

166.375 

2.3452 

1.7652 

5.6 

17.593 

24.630 

31.36 

175.616 

2.3664 

1.7758 

5-7 

17.907 

25.518 

32.49 

185.193 

2.3875 

I . 7863 

5.8 

18.221 

26.421 

33.64 

195. 112 

2.4083 

1.7967 

5.9 

18.535 

27.340 

34.81 

205.379 

2.4290  . 

1.8070 

6.0 

18.850 

28.274 

36.00 

216.000 

2.4495 

1.8171 

6.1 

19.164 

29.225 

37.21 

226.981 

2.4698 

1.8272 

6.2 

19.478 

30.191 

38.44 

238.328 

2.4900 

I. 8371 

6.3 

19.792 

31.173 

39-69 

250.047 

2.5100 

1.8469 

6.4 

20.X06 

32.170 

40.96 

262.144 

2.5298 

1.8566 

6.5 

20.420 

33.183 

42.25 

274.625 

2.5495 

1.8663 

6.6 

20.735 

34.212 

43.56 

287.496 

2.5691 

1.8758 

6.7 

21.049 

35.257 

44.89 

300.763 

2 . 5884 

1.8852 

6.8 

21.363 

36.317 

46.24 

314.432 

2.6077 

1.8945 

6.9 

21.677 

37.393 

47.61 

328.509 

2.6268 

1.9038 

7.0 

21.991 

38.485 

49.00 

343  000 

2.6458 

1.9x29 

7.1 

22 . 305 

39-592 

50.41 

357.9" 

2.6646 

1.9220 

7.2 

22.619 

40.715 

51.84 

373  248 

2.6833 

I. 9310 

7.3 

22.934 

41.854 

53.29 

389.017 

2.7019 

1.9399 

7.4 

23.248 

43.008 

54.76 

405.224 

2 .  7203 

1.9487 

7-5 

23.562 

44-179 

56.25 

421.875 

2.7386 

1-9574 

7.6 

23.876 

45  -  365 

57.76 

438.976 

2.7568 

X.9661 

7.7 

24.190 

46.566 

59-29 

456.533 

2.7749 

I .9747 

7.8 

24.504 

47.784 

60.84 

474.552 

2.7929 

1.9832 

7.9 

24.819 

49.017 

62.41 

493.039 

2.8107 

I. 9916 

8.0 

25.133 

50.266 

64.00 

512.000 

2.8284 

2.0000 

8.1 

25 -447 

51.530 

65.61 

531.441 

2.8461 

2.0083 

8.2 

25.761 

52.810 

67.24 

551.468 

2.8636 

2.0165 

8.3 

26.075 

54-106 

68.89 

571-787 

2.8810 

2.0247 

8.4 

26.389 

55.418 

70.56 

592.704 

2.8983 

2.0328 

8.5 

26 . 704 

56.745 

72.25 

614.125 

2.9155 

2.0408 

8.6 

27.018 

58.088 

73.96 

636.056 

2.9326 

2.0488 

8.7 

27.332 

59-447 

75.69 

658.503 

2.9496 

2.0567 

8.8 

27.646 

60.821 

77.44 

681.473 

2.9665 

2.0646 

8.9 

27.960 

62.211 

79-21 

704.969 

2.9833 

2.0724 

APPENDIX 
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CIRCLES.   SQUARES,   AND 

CUBES— O-jk/ikha/. 

, 

mm 

■'I 

-' 

1* 

V-, 

V; 

DMb. 

Cifcumr. 

a™. 

Squ»«. 

Cube. 

Sq,  R<™, 

CulxRt. 

9  0 

98. 974 

63.617 

flt.OO 

799.000 

3-0000 

1.0801 

g.i 

18.58a 

65.039 

83.81 

753-571 

3.0166 

1  087S 

Q.J 

9B.Q03 

66.476 

84.64 

778-688 

3  033a 

*  0954 

93 

9q.ai7 

67.919 

86.49 

804.357 

3.0496 

94 

a9-5»» 

69-398 

88. 36 

B30.5B4 

3-0659 

9.1105 

9-5 

39.84s 

70.88a 

90.95 

857-375 

3.0893 

3.1179 

,9.6 

30.159 

79.389 

99.16 

884.736 

3-0984 

2,1353 

'■! 

30.473 

73.898 

94.09 

919.673 

3.1145 

3.13*7 

<-8 

30.7B8 

75 -430 

96.04 

941-19* 

3 . 1305 

99 

31.103 

76-977 

9801 

970,999 

3,1464 

*-147» 

lo.o 

3i.4r6 

78,540 

loo  00 

.000.000 

3.1633 

*-i!U 

31.730 

80.119 

1030.301 

3.1780 

a. 1616 

3».044 

81.713 

104,04 

3-1937 

a.  1687 

10.3 

3a.3S8 

83. 3*3 

106.09 

1092,737 

3.1094 

*-l7S7 

10.4 

39.673 

84.^9 

108.16 

1194.863 

3  *>49 

i.iSaS 

lo.s 

3a. gS; 

86.590 

I10.9S 

1157.635 

3.9404 

a. 1897 

I0.6 

33.301 

88.347 

1.9.36 

1191.016 

3.3538 

9.1967 

10.7 

33.615 

Bg.gao 

114.49 

1995.043 

3-3711 

a. 9036 

10.8 

33- 919 

gi  609 

116.64 

1259-7'a 

3-3863 

a.aio4 

lo.q 

34-343 

93.313 

Iifl.8l 

1995-099 

3.3015 

a. 2173 

II. 0 

34  558 

95-033 

131 -00 

1331.000 

3-3166 

9.9939 

11. 1 

34.  a  7" 

96.769 

193.91 

1367.631 

3-3317 

9   3307 

II. s 

35-186 

98-510 

"544 

1404,998 

3-3466 

9.2374 

n-3 

35.500 

100.99 

197.69 

1449-897 

3-3615 

2,2441 

U.4 

35-814 

10a. 07 

139.96 

1481-544 

3  3764 

2.250& 

n-s 

36.198 

103.67 

139.35 

I 510  875 

3-391* 

2,257a 

11.6 

36.449 

105.68 

134 -S6 

1560.896 

3  4059 

9-3637 

11.7 

36.757 

107.51 

136.89 

160.-613 

3-4305 

1.1709 

II. S 

37  071 

109.36 

139-84 

1643.039 

3-435" 

a. 3766 

II. 9 

37-3S5 

141.61 

1685.159 

3.4496 

9.3B31 

la.o 

37.699 

113.10 

144-00 

17*8.000 

3.4641 

9.aR94 

33.013 

114.99 

146.41 

1771.561 

3-4785 

3.3957 

IS.l 

38.3*7 

116.90 

148.84 

1815.848 

349*8 

*   303I 

U.3 

33.649 

11S.89 

151.99 

1860.867 

3  5071 

3.3084 

».4 

38,956 

iao.76 

1S3-76 

1906.634 

3.5314 

a.3146 

ta.S 

39- 170 

lia.71 

156.35 

1953-1*5 

3-5355 

3.3908 

19.6 

39-584 

194.69 

158.76 

3000.376 

3-5496 

3.3270 

IS. 7 

39.898 

196-68 

161.29. 

3048.383 

3-5637 

9.3331 

19.8 

193.68 

163.84 

9097.159 

3-5777 

9.3399  , 

la.g 

40.597 

130.70 

166-41 

9146.6S9 

3-5917 

a -3453 

13.0 

40.841 

139.73 

.69,00 

3197.000 

3  6056 

1.351J 

13.1 

41-155 

134.78 

171.61 

3948.091 

3.6194 

*,3573 

iJU- 

41.469 

.36.8, 

'74=4 

''99-968 

3.633* 

2,363,. 

L 

\^ 

1 
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CIRCLES.    SQUARES.   AND   CXi'&ES^ConHnued. 


n 

nw 

4 

!•■ 

»« 

^n 

a 

Diam. 

Circamf. 

Area. 

Square. 

Cube. 

Sq.  Root. 

Cub.  Ru 

13  3 

42.783 

238.93 

176.89 

2352.637 

3.6469 
3.6606 

2.3693 

13.4 

42.097 

142.03 

179.56 

2406.104 

2.3752 

23.5 

42.412 

243.14 

182.35 

2460.375 

3.6742 

2.38H 

23.6 

42.726 

145.27 

184.96 

2515.456 

^.6878 

2.3870 

23.7 

43.040 

147.42 

187.69 

2571.353 

3.7013 

3.3928 

23.8 

43  ?54 

149.57 

190.44 

2628.072 

3.7148 

2.3986 

23.9 

43.668 

251.75 

193.21 

2685.6x9 

3.7283 

3.4044 

14. 0 

43.982 

153-94 

196.00 

2744.000 

3.7417 

3.4101 

14. 1 

44.296 

156.15 

198.81 

2803.221 

3.7550 

3.4159 

24.2 

44. 6n 

158.37 

201.64 

2863.288 

3.7683 

3.4216 

24.3 

44.925 

160.61 

204.49 

2924.207 

3.7«I5 

2.4272 

24.4 

45.239 

162.86 

207.36 

2985.984 

3.7947 

2.4329 

24.5 

45.553 

165.13 

210.25 

3048.625 

3.8079 

2.4385 

14.6 

45.867 

167.42 

213.16 

3113.136 

3.8210 

2.4442 

24.7 

46.181 

169.72 

216.09 

3176.523 

3.8341 

2.4497 

14.8 

46.496 

172.03 

219.04 

3241.792 

3.8471 

2.4552 

14.9 

46.810 

174.37 

222.01 

3307.949 

3.8600 

2.4607 

15.0 

47.124 

176.72 

225.00 

3375.000 

3.8730 

2.4663 

25.1 

47.438 

179.08 

228.01 

3442.951 

3.8859 

2.4717 

25.2 

47.752 

181.46 

231.04 

3511.808 

3.8987 

2.4772 

25.3 

48.066 

183.85 

234  09 

3581.577 

3.9115 

3.4825 

25.4 

48.381 

186.27 

237.16 

3652.264 

3.9243 

2.4879 

25.5 

48.695 

188.69 

240  25 

3723.875 

3.9370 

2.4933 

15.6 

49.009 

191. 13 

243.36 

3796. 4»6 

3.9497 

3.4986 

25.7 

49  323 

193.59 

246.49 

3869.893 

3.9623 

2.5039 

25.8 

49.637 

196.07 

249  64 

3944.312 

3.9749 

2.5092 

259 

49.951 

198.56 

252.81 

4019.679 

3  9875 

2.5146 

16.0 

50.265 

201.06 

256.00 

4096.000 

4.0000 

2.5198 

16. 1 

50.580 

203 . 58 

259.21 

4173.281 

4.0125 

2.5251 

16.2 

50.894 

206.12 

262 . 44 

4251.528 

4.0249 

2.5303 

16.3 

51.208 

208.67 

265.69 

4330.747 

4.0373 

2.5355 

16.4 

51.522 

211.24 

268.96 

4410.944 

4.0497 

2.5406 

16.5 

51.836 

213.83 

272.25 

4492.125 

4.0620 

2.5458 

16.6 

52.150 

216.42 

275  56 

4574.296 

4  0743 

2.5509 

16.7 

52.465 

219.04 

278.89 

4657.463 

4.0866 

2.5561 

16.8 

52.779 

221.67 

282.24 

4741.632 

4.0988 

2.5612 

16.9 

53093 

224.32 

285. 6Z 

4826. S09 

4.1  no 

2.5663 

17  0 

53407 

226  98 

289.00 

4913.000 

4.1231 

2.5713 

17. 1 

53.721 

229.66 

292.41 

5000.211 

4.1352 

2.5763 

17.2 

54.035 

132.35 

295.84 

5088.448 

4.1473 

2.5813 

17.3 

54.350 

235.06 

299.29 

5177.717 

4.1593 

2.5863 

274 

54.664 

237 . 79 

302 . 76 

5268.024 

4.1713 

2.5913 
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CIRCLES,    SgUARES,    AND 

CUBES— C».rt'«H*rf. 

■ 

-. 

■•- 

■• 

■• 

<rn 

V; 

^^        Dum. 

CircUBl. 

A«.. 

S(li««. 

Cube. 

S4.  Root. 

Cub.  Rl. 

>7-S 

54.978 

a4"'-S3 

306. as 

5359- 37S 

4.I833 

a- 5963 

17.6 

SS.a9a 

343.19 

309.76 

5451.776 

4.1953 

3.6oia 

K   17.7 

55.606 

146,06 

313. ag 

5545-333 

4.3071 

3.6061 

■      I7.> 

Sj.gjo 

348.85 

316.84 

5639.753 

4.3190 

3.6109 

■      17., 

56.a3S 

351.65 

330.41 

5735-339 

4.2308 

3.615a 

■      ... 

56.549 

as4.47 

334.™) 

SS33.000 

4.3436 

3.6307 

H    is.i 

56.863 

357.30 

337. f>i 

59»9-74i 

4-3544 

3,6256 

H    is.i 

57-177 

360.16 

331.24 

6028,563 

4.16G1 

3.6304 

■    11. 1 

57- 49' 

a63.oa 

33-t-89 

6138. 4B7 

4.3778 

3.6353 

■   -"> 

57-805 

365.90 

338.56 

6229.504 

4.2895 

3.6401 

■   .s.s 

S8.119 

368.80 

343.25 

6331.635 

4.301a 

3.644S 

■    18.6 

S8.434 

371.73 

345.96 

6434-856 

4.313s 

3,649s 

■  ■!-; 

58. 748 

374.65 

349.69 

6539-303 

4.3343 

3-6543 

H  la.s 

59- 061 

377.59 

353-44 

6644.672 

4-3359 

3.6590 

H   i>.9 

59  376 

380,55 

357.31 

6751.369 

4-3474 

3.6637 

H   19.0 

59,69^ 

383.53 

361.00 

6859.000 

4-3589 

36684 

H    19.1 

60.004 

386. J3 

364.81 

6967.871 

4  3703 

3.6731 

19.1 

60,319 

189.53 

368.(4 

7077. 888 

4.3818 

3-6777 

19-3 

60.633 

393-55 

373-4-9 

7189.057 

4-3933 

3.6334 

19-4 

60.^7 

395.59 

376.36 

7301.384 

4.4045 

3.686, 

19-5 

Gt.i6i 

398.65 

380.35 

7414-875 

4.4159 

3.6916            ^ 

19.6 

61-575 

301.73 

384.16 

7539.536 

4.4373 

3.696a           ^ 

197 

61.339 

304.31 

388 -o<, 

7645-373 

4.438s 

3.700S       H 

19. S 

62.204 

307,91 

39* .04 

7762,393 

4.4497 

3.7053         ^M 

19.9 

63.51B 

311.03 

396.01 

7880, 599 

4  4609 

3.7098         ■ 

■      .,.9 

61-833 

314.16 

400.00 

Sooo.ooo 

4.4731 

3-7144 

H  w.i 

63.146 

3«7-3i 

404.01 

8120  6oi 

4.4833 

3.7189 

H   lo.i 

63.460 

3».47 

408.04 

6343,408 

4.4944 

3.7334 

■    >o] 

63.774 

333-66 

412.09 

8365.437 

4.5055 

3-7379         ^_ 

■  '°-' 

64.088 

336  6s 

416.16 

8499.664 

4-5166 

3-7334       ^H 

■  »., 

64.403 

330.06 

430.35 

86.5.13S 

4.5377 

3.736S       H 

H    IOC 

64-7'7 

333.39 

434.36 

8741. 816 

4.5387 

^1 

■      39.7 

65.031 

336,54 

438.49 

8869.743 

4.5497 

^1 

H      S9  8 

65.345 

339.80 

433.64 

8989.913 

4,5607 

3- 750a      ^m 

^B      8O.9 

05.659 

343.07 

436.81 

9129.339 

4.5716 

^M 

■      .,.0 

65.973 

346.36 

441.00 

9261.000 

4.5836 

3.7589     H 

66.2S8 

349.67 

445.31 

9393.931 

4.5935 

■ 

91.3 

b6.6oa 

353.99 

449-44 

9538.138 

4.6043 

3,7676    H 

at. 3 

66,9t6 

356.33 

4S3-6g 

9663,597 

4.6153 

1.7730        ^M 

ai.4 

67.230 

359-63 

457-96 

9800.344 

4,6360 

^ 

^K     BI-S 

67.544 

363,05 

463-25 

9938.375 

4.6368 

3,7906 

^1     U.6 

67.85S 

366.44 

466.5* 

10077.696 

4.6476 

3.7849 

^H  U.I 

68.. 73 

369,64 

470.  »9 

ioai8,3i3 

4-6583 

3.78OT 

L^   ^ 
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n 

<nr 

V 

M> 

«* 

^n 

DUm. 

Circumf. 

Area. 

Square. 

Cube. 

Sq.  Root. 

Cab.  Ru 

81.8 
SI. 9 

68.487 
68.801 

373. as 

376.69 

475. a4 

479.61 

10360.232 
10503.459 

4.6690 

4.6797 

2.7935 
2.7978 

22.0 
22.1 
22.2 
22.3 
22.4 

69.115 
69.429 

69.743 
70.058 

70.372 

380.13 
383.60 

387.08 

390.57 
39408 

484.00 

488.41 
492.84 
497.29 
501.76 

10648.000 
10793.861 
10941.048 
11089.567 
11239.424 

4.6904 
4.7OII 

4.7117 
4.7223 

4.7329 

2.8021 
2.8063 
2.81OS 
2.8147 
2.8189 

22.5 
22.6 
22.7 

22.8 
22.9 

70.686 
71.000 

71.314 
71.268 
71.942 

397.61 

401.15 

404-71 
408.28 

411-87 

506.25 
510.76 
515.29 
519.84 
524.41 

11390.625 

11543.176 
11697.083 
11852.352 
12008.989 

4.7434 
4.7539 
4.7644 
4.7749 
4.7854 

2.8231 
2.8273 
2.8314 
2.8356 
2.8397 

23.0 

23.1 
23.2 

23.3 
23-4 

72.257 

72.571 

72.885 

73.199 
73.513 

415-48 
419.10 

422.73 
426.39 
430.05 

529.00 
533.61 
538.24 
542.89 

547.56 

12167.000 
12326.391 
12487.168 

12649.337 
12812.904 

4.7958 
4.8062 
4.8166 
4.8270 

4.8373 

2.8438 

2.8479 
2.8521 

2.8562 

2.8603 

23-5 
23.6 

23.7 
23.8 

23.9 

73.827 
74.142 
74.456 
74  770 
75.084 

433-74 
437.44 
441.15 
444-88 
448.63 

552.25 

556.96 
561.69 

566.44 
571.21 

12977.875 
13144.256 
13312.053 
13481.272 

13651.919 

4-S477 
4.8580 
4.8683 
4.8785 
4.8888 

a. 8643 

2.8684 

2.8724 
2.8765 
2.880s 

24.0 
24.1 
24.2 

24.3 
24.4 

75 . 398 
75.712 
76.027 
76.341 

76.655 

45a  39 
456.17 
459.96 

463 . 77 
467.60 

576  00 
580.81 
585.64 
590.49 
595 . 36 

13824.000 
13997.521 
14172.488 
14348.907 
14526.784 

4.8990 
4.9092 

4.9193 
4.9295 
4  9396 

2.8845 
2.8885 
2 . 8925 
2.8965 
2.9004 

24.5 
24.6 

24-7 
24.8 

24.9 

76.969 
77.283 

77.597 

77. 9" 
78.226 

471.44 

475-29 
479.16 

483  05 
486.96 

600.25 
605.16 
610.09 
615.04 
620.01 

14706.125 
14886.936 
15069.223 
15252.992 
15438.249 

4.9497 

4.9598 

4.9699 
4.9799 

4.9899 

2.9044 
2.9083 
2.9123 
2.9162 
2.9201 

25.0 

25.1 

25.2 

25.3 
25.4 

78 . 540 
78.854 
79.168 
79.482 
79.796 

490.87 
494.81 
498.76 
502.73 
506.71 

625.00 
630.01 

635.04 
640.09 
645 . x6 

15625.000 
15813.25I 
16003.008 
16194.277 
16387.064 

5.0000 
5-0099 
5.0199 
5.0299 
5-0398 

2 . 9241 

2.9279 
2.931S 

2.9356 

2.9395 

25-5 
25.6 

25-7 
25.8 

25.9 

80. Ill 
80.425 

80.739 
81.053 

81.367 

510.71 

51472 

518.75 

522.79 
526.85 

650.25 

655-36 
660.49 

665.64 
670.81 

16581.375 
16777.216 

16974.593 
17173-512 

» 7373. 979 

5.0497 
5.0596 
5.0695 

5.0793 
5.0892 

2.9434 
2.9472 
2.9510 

2.9549 
2.9586 
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CIRCLES,    SQUARES,    AND 
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■ 

V  . 

., 

■•- 

■> 

-• 

t^ 

'--■      ■ 

DiaiB. 

""•" 

Aru. 

Sq««. 

Cube. 

Sq.  R«.i. 

^H 

*6.0 

It .681 

530.93 

676, 0*) 

17576.000 

S.0990 

3.9634       ■ 

16.I 

81-996 

53S-03 

6S1    31 

17779-581 

5..088 

3.9663         H 

S6.3 

8J.3.0 

539>"3 

686.44 

17984.728 

S-iiBs 

3.9701          ^H 

»6.3 

83.(134 

543.35 

691. 6q 

18191.447 

5-1383 

3.9738          ■ 

A.\ 

83.938 

547-39 

696.96 

18399.744 

5..:ho 

2.9776          ■ 

ab.s 

B3.a53 

551-55 

703.35 

18609.625 

5.1478 

2,9814 

S6.t> 

83.566 

555-7* 

707.56 

18821.096 

5-1575 

3.9851 

36. 7 

83.881 

559-90 

19034.163 

5,1673 

3.9888 

36.8 

84.195 

564.10 

?l8:j4 

19348.831 

: . 1768 

3,9936 

36.9 

84.S09 

568.33 

733. 6 J 

19465.109 

5.1865 

.,«6, 

a7.o 

84-823 

57a  S6 

739. 00 

19683.000 

5.1962 

,00.0     m 

«7.i 

85.137 

S76-80 

734. 4» 

19902.511 

5.3057 

3,0037        ■ 

87.3 

85-4SI 

581.07 

739-84 

30133.648 

5-3153 

3.0074           H 

•7.3 

85-765 

585  35 

745-39 

30346.417 

5-3349 

■ 

>7.4 

E6.Q80 

589.65 

750-76 

30570.824 

S-2345 

3.0.47           ■ 

r-s 

86,394 

593.96 

756.35 

30796.875 

S-3440 

H 

87-6 

86.708 

598.39 

761.76 

31034.576 

S-2S3S 

■ 

»7-7 

87.033 

603.63 

767.39 

31253  933 

5.3630 

3.0357           H 

»7.8 

87  336 

606.99 

773.84 

S1484-952 

5.3735 

3.0293            H 

»7.9 

87.650 

611.36 

778.41 

31717.639 

5.3810 

3.0330           ■ 

se.o 

ii-Z-s 

615-75 

784.00 

91953.000 

5.3915 

3.0366            ^ 

■  98.1 

88.379 

630.  16 

789-6, 

33168-041 

5-3009 

3.0402 

98.1 

88.393 

624.58 

795-24 

2243.-768 

5.3103 

3.0438 

«fl  3 

88.907 

639.03 

800. 8g 

33    65.187 

5-3197 

3.^474 

98-4 

89.33. 

633.47 

806. s6 

33906-304 

S.3291 

3.0510 

98-5 

>9-S3S 

637 -w 

3t3.35 

33149.135 

5-3385 

3.0546 

98.6 

89.850 

643.43 

817-96 

33393-656 

5. 3478 

3,0581 

98.7 

90  164 

646.93 

823  69 

23639.903 

5-3572 

3.0617 

98. S 

90.478 

65:. 44 

839.44 

33887.873 

5-3665 

3.0659 

98-9 

90.793 

653.97 

835-31 

34137.569 

5-3758 

3.0688 

19.0 

9...06- 

660- 5» 

841.00 

34389.000 

5-3852 

3.0793 

99.1 

91 .430 

665-08 

846. Bi 

34643.171 

5-3944 

3.0758 

^      W.3 

9'. 735 

669,66 

853.64 

14897-088 

5-4037 

3  0794 

B    >9-3 

93.049 

674.16 

858.40 
864.36 

25153.757 

5.4139 

3.0829 

■  >9-4 

93.363 

678.87 

25413.184 

5.4331 

3.0S64 

B-95 

93.677 

633.49 

870.35 

35673.375 

5.4313 

3.0899 

H99.6 

93.991 

638.13 

876.16 

35934.336 

J. 4405 

3t>934 

■  >9'7 

93.305 

6g»,;9 

883. og 

36198.073 

5.4497 

3.0968 

■  S^.8 

93-619 

697.47 

888.04 

36463.593 

5-4589 

3.1003 

■^  39-9 

93. 934 

703.15 

894.0, 

26730,899 

5.4680 

3.1038 

30.0 

94.348 

706.86 

900.00 

37000.000 

5-4772 

3.1073 

JO.l 

94-563 

711-59 

906.01 

37370.901 

5.4863 

3.1107 

30-9 

94.876 

716.33 

913-04 

37543.608 

5-4954 

3.i>4« 

^            J 
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N 

nw 

V 

i»> 

!»• 

♦^ 

% 

Diam. 

Circumf. 

Area. 

Square. 

Cube. 

Sq.  Root. 

Cub.  Rt. 

S0.3 
30.4 

95.190 
95 . 505 

721.07 
725.83 

918.09 
924.16 

27818.127 
28094.464 

5.5045 
5.5136 

3.II76 
3.12x0 

30.5 
30.6 

30.7 
30.8 
30.9 

95.819 

96.133 

96447 
96.761 

97.075 

730.62 
735.42 
740.23 
745.06 

749.91 

930.25 
936.36 
942.49 
948.64 
954.81 

28372.625 
28652.616 

28934.443 
292x8.1x2 

2^503.629 

5.5226 

5.5317 
5.5407 
5.5497 
5.5587 

3.1244 
3.1278 

3.131a 
3.1346 
3.1380 

31.0 

31. 1 
31.2 

31.3 
31.4 

97.389 
97.704 
98.018 

98.332 
98.646 

754.77 
759.65 
764.54 
769.45 
774.37 

961.00 
967.21 
973.44 
979.69 
985.96 

297QI.000 
30080.231 
30371.328 
30664.297 

30959. 144 

5.5678 
5.5767 
5.5857 
5.5946 
5.6035 

3.I414 
3.1448 
3.1481 
3.I515 
3.1548 

31.5 
31.6 

31.7 
31.8 

31.9 

98.960 

99-274 
99.588 

99.903 
100.22 

779.31 
784.27 
789.24 
794.23 
799-23 

992.25 

998.56 

1004.89 

IOII.24 

1017.61 

31255.875 
3x554.496 

31855.0x3 

32157.432 
3246X . 759 

5.6124 
5.6213 
5.6302 

5.6391 
5.6480 

3.1582 

3.1615 
3.X648 
3.1681 

3.1715 

32.0 
32.x 
32.2 
32.3 

32.4 

100.53 
100.85 
ioi.x6 

101.47 
loi . 79 

804.25 
809.28 

814.33 
819.40 

824.48 

1024.00 
1030.41 
1036.84 
1043.29 
1049.76 

32768.000 
33076. x6i 
33386.248 
33698.267 
340x2.224 

5.6569 
5.6656 

5.6745 
5.6833 
5.6921 

3.1748 
3.1781 
3.18x4 

3-1847 
3.1880 

32.5 
32.6 

32.7 
32.8 

32.9 

102.10 
102.42 
102.73 
103.04 
103.36 

829.58 

834.69 
839.82 
844.96 
850.12 

1056.25 
1062.76 
1069.29 
1075.84 
1082.41 

34328.125 
34645.976 
34965 . 783 
35287.552 
3561 I . 289 

5.7008 
57096 
5.7183 
5.7271 
5.7358 

3.1913 
3.1945 
3.1978 
3.20x0 
3.2043 

33.0 

33.1 
33.2 
33.3 
33.4 

103.67 

103.99 
104.30 

104.62 

104.93 

855.30 
860.49 
865 . 70 
870.92 
876.16 

1089.00 
1095.61 
1102.24 
1108.89 
1115.56 

35937.000 
36264.691 
36594.368 
36926.037 
37259. 7<H 

5.7446 
5.7532 
5.76x9 
5.7706 
5.7792 

3.2075 
3.2108 
3.2140 
3.2172 
3.2204 

33-5 
33  6 

33.7 
33  8 

33.9 

105.24 
105 . 56 
105.87 
106.19 
106.50 

881.41 
886.68 
891.97 
897.27 
902.59 

XI22.25 
1128.96 
"35.69 

1142.44 
II49.21 

37595.375 
37933.056 
38272.753 
38614.472 
38958.219 

5.7379 

5.7965 
5.8051 

5.8137 
5.8223 

3.2237 
3.2269 
3.2301 
3.2332 
3.2364 

34.0 

34.1 
34.2 

34-3 
34.4 

106:81 

107.13 
107.44 
107.76 
10S.07 

907.92 
913.27 
91S.63 
924.01 
929.41 

1156.00 
I162.81 
1169.64 
1176.49 
1183.36 

39304.000 
39651.821 
40001. 683 
40353  607 
40707.584 

5.8310 

5.8395 
5.8480 

5.8566 

5.8651 

3.2396 
3.2128 
3.2460 
3.2491 
3.2522 

^^4PPK^VD1X  CONTAINING  HEFESENCES  AND  TABLES.   SI  1             ^H 

CIRCLES.    SQUARES.    AND 

CUBES-C-«/.-»wrf. 

" 

I.'' 

-• 

-Tn  " 

V, 

Ci.«m(. 

A.=^ 

Siiu-t. 

Cube. 

Sq,  R«l. 

Cub.  Rl. 

34'S 

loB.jB 

934- 8a 

1190.25 

41063.635 

S.8736 

3-3554 

108.70 

9J0.3S 

ng7.i6 

4 "43 1-736 

5. 8821 

3-35B6 

^'i 

109.01 

945.69 

1204.09 

41781.933 

5-8906 

3,36,7 

109.33 

951-15 

42144.193 

5-8991 

3  3648 

■;« 

109.64 

956.63 

1318.01 

42508,549 

5.9076 

3.36?; 

^.. 

ioq.96 

963.1, 

1325.00 

42875,000 

5.9161 

3.2710 

35-1 

110.37 

967.63 

1333.01 

43343.55" 

S.9345 

3-2749 

35.3 

110.58 

973  H 

1339.04 

43614.308 

3.2773 

35-3 

110.90 

97B.68 

1246.09 

43986.977 

5.9413 

3-3804 

35-4 

984-33 

1353.16 

44361.864 

5. 9497 

3.3835 

35-5 

111.53 

989.80 

1260.25 

44738.875 

S-95B1 

3-3866 

35.6 

111.84 

995.38 

1267.36 

45118,0.6 

5.966s 

3.389T 

35  >7 

112.15 

1000-.^ 

1174.49 

45490-393 

5.9749 

3.3937 

iia.47 

1006.60 

1291.64 

45B83-T.3 

5-9633 

3-3958 

tf' 

iia.78 

1013-33 

1388.81 

4636B.379 

S.9916 

3-29B9 

■° 

113. 10 

1017  SB 

,39600 

46656  000 

6.0000 

3-3019 

H-' 

113.41 

1033.54 

1303-31 

47045-88, 

6.OOB3 

3,3050 

^s.. 

113.73 

1039.33 

1310.44 

47437.938 

6.0166 

3-3080 

36.J 

114.04 

1034.91 

1317.69 

47832.147 

6.0349 

3-311, 

36.4 

114.35 

1040.62 

1324.96 

4833S.544 

6.0332 

3.3141 

39. S 

114.67 

1046.35 

1333.35 

48637-135 

6.04IS 

3.3171 

36.6 

114. q8 

1053.09 

1339.56 

49037.896 

6.0497 

3-3303 

36  J 

115.30 

1057  84 

,346.89 

49430-863 

6.0580 

3-3333 

36.1 

115-61 

1063 . 63 

1354-34 

49836-033 

6.0663 

3. 3363 

»■•, 

115.93 

1069.41 

1361,61 

50243.409 

6-0745 

3.3393 

B'° 

116.24 

1075-31 

,369.00 

50653.000 

6.0S37 

3.333a 

116.55 

1081.03 

1376.41 

51064.811 

6.0909 

3-3353 

116.87 

1086.97 

1383.84 

51478.848 

6.0991 

3-3383 

117.18 

1091.73 

1391.29 

51695.117 

6.1073 

3-3413 

B' 

117.50 

1098.58 

1398-76 

53313.624 

6.1155 

3-3443 

Ks 

117.81 

1104-47 

1406.35 

53734.375 

6.1337 

3-3473 

118. la 

1110.36 

1413-76 

53157-376 

6-J3^ 

3.350, 

118.44 

1 116. 29 

,431.29 

53582.633 

3-3531 

37-8 

118.75 

1428,84 

54010.153 

cImb? 

3-3501 

37.9 

119.07 

1138.15 

1436-41 

5443Q-M9 

6.1563 

3  3590 

3I.0 

119,38 

1134." 

144400 

54873.000 

6.1644 

3.3630 

38. 1 

119.69 

1140.09 

l45l.6r 

55306.341 

6.173S 

3-3649 

38.. 

IM6.08 

M59.31 

55742.968 

6.tBo6 

3.3679 

38.3 

120.33 

1153.09 

,466, Bq 

56181. 6S7 

6. 1887 

3.370a 

38.4 

120,64 

1158,12 

,474.56 

56623.104 

6.1967 

3. 3717 

ss.s 

130.95 

1164.16 

1483.35 

57066.635 

6.3048 

3.3767 

38.6 

131.37 

1170.21 

1489.96 

S75'3.4S6 

6.3150 

3.3-96 

38.7 

:i76.28 

,497.69 

57960.603 

6,2209 

3.383* 

k       A 

512  APPENDIX  CONTAINING  KEFEKENCES  AND  TABLES. 


CIRCLES.   SQUARES.   AND  CUBES— Ow/mi^'i/. 


n 
Diam. 


38.8 
38.9 

39.0 

39- 1 
39.2 

39-3 
39-4 

39.5 
39-6 

39-7 

39.8 

39.9 

40.0 
40.1 
40.2 
40.3 
40.4 

40.5 
40.6 

40.7 
40.8 
40.9 

41.0 
41. 1 
41.2 

41-3 
41.4 

41 -5 
41.6 

41-7 
41.8 

41.9 

42.0 
42. 1 
42.2 
42.3 
42.4 

42.5 
42.6 

42.7 

42.8 
42.9 


CifCttinf. 


81. 89 
32.21 

22.52 
22.84 
23.15 

23.46 
23.78 

24.09 
24.41 
24.72 
25.04 
25.35 

25.66 
25.98 
26.29 
26.61 
26.92 

27.23 

27.55 
27.86 

28.18 

28.49 

28.81 
29.12 

29 -43 

29 -75 
30.06 

30.38 
30.69 
31.00 

31-32 
31.63 

31.95 
32.26 
32.58 
32.89 
33.20 

33  52 
33.83 
34.15 
34.46 

34.77 


Area. 


182.37 
188.47 

194.59 
200.72 

206.87 

213.04 

219.22 

225.42 
231.63 
237.86 
244.10 
250.36 

256.64 
262.93 
269.23 

275.56 
281.90 

288.25 
294.62 
3OX.OO 

307.41 
313.82 

320.25 
326.70 

333.17 
339.65 
346.14 

352.65 
359.18 
365 -72 
372.28 
378.85 

385.44 
392.05 
398.67 

405.31 
411.96 


418.63 

425-31 
432.01 

438-72 
1445.45 


Siuare. 


505.44 
513.21 

521.00 
528.81 
536.64 

544.49 
552.36 

560.25 
568.16 
576.09 

584.04 
592.01 

600.00 
608.01 
;6x6.04 
1624.09 
:632.i6 

640.25 
648.36 
656.49 
664.64 
672.81 

681.00 
689.21 
697.44 
705.69 

713.96 

722.25 
730.56 

738.89 

747 . 24 
755.61 

764.00 
772.41 
780.84 

789.29 
797.76 

806.25 
814.76 
823.29 

831.84 
840.41 


Cube. 


58411.072 
58863.869 

59319.000 
59776.471 
60236.288 

60698.457 
61162.984 

61629.875 
62099.136 

62570.773 
63044.792 

63521.199 

64000.000 
64481.201 
64964.808 
65450.827 
65939.264 

66430.125 
66923.416 
67419.143 
679II.312 
684x7.929 

68921.000 
69426.531 
69934.528 
70444.997 
70957.944 

71473.375 
71991.296 

72511.713 
73034.632 
73560.059 

74088.000 
74618.461 
75151.448 
75686.967 
76225.024 

76765.625 
77308.776 
77854.483 
78^02.752 

75953-509 


Sq.  Root. 


6.2289 
6.2370 

6.2450 
6.2530 
6.2610 
6.2689 
6.2769 

6.2849 
6.2928 
6.3008 
6.3087 
6.3166 

6.3245 
6.3325 
6.3404 
.6.3482 

6.3561 

6.3639 

6.3718 

6.3796 

6.3875 
6.3953 

6.4031 
6.4109 
6.4187 
6.4265 
6.4343 

6.4421 
6.4498 

6.4575 

6.4653 
6,4730 

6.4807 
6 . 4884 
6.4961 
6.5038 

6.5115 

6.5192 
6.5268 

6.5345 
6.5422 

6.5498 


s 
Cub.  Rt. 


3854 
3883 

3912 
3941 
3970 

3999 
4028 

4056 
4085 
4114 

4142 
4171 

4200 
4228 

4256 
4285 

4313 

4341 
4370 

4398 
4426 

4454 

4482 
4510 

4538 
4566 

4594 

4622 
4650 

4677 
4705 
4733 

4760 

4788 

4815 

4843 
4870 

4898 

4925 
4952 
4q8o 
5007 


3 
3 
3 
3 


3 
3 
3 
3 


3 
3 
3 
3 


3 
3 
3 
3 


3 
3 
3 
3 
3 


^M       APPEXDTX  COXTAIXIXC  KEFEREXCES  AXD  TABLES.   SI3       ^| 

CIRCLES,    SQUARES,    AND 

cuBES-r«f««w^-                     ^1 

^Bcud.. 

t^lrcunf. 

Area. 

Square. 

■■ 

Cube. 

Sq.  Root. 

^1 

^1    43 -o 

I3S-09 

1453. JO 

1849.00 

79507.000 

6-5574 

3.5034            ^1 

^K    43-1 

"3S  40 

1458 .g6 

1857.61 

80063-991 

6.565. 

3.5061           ,H 

^K    43-3 

135-7* 

1465.74 

1S66.34 

S063 1.568 

6.5737 

3.508a      H 

^1    43. 3 

136.03 

1473-54 

1874.89 

81183.737 

6.5S03 

3.5115        ^H 

^B    43 '4 

136.35 

1479-34 

1883.56 

81746.504 

6.5879 

^1 

^      43-5 

136.66 

1486,17 

1893-35 

83311.875 

6-5954 

3.5109        ^1 

43-6 

136.97 

1493-01 

1900,96 

83881.856 

6.6030 

35196            ■ 

43.7 

137.39 

1499.37 

1909. 6q 

83453.453 

6.6IC6 

^H 

43.8 

137-60 

1506.74 

1918.44 

84037.673 

6.618J 

3.5350        ^H 

43-9 

137.9a 

l!'3-63 

1937.* 1 

84604.519 

6.6357 

3.5377       ^H 

44.0 

138. aj 

1520.53 

.936,00 

85.84.000 

6.6333 

3.5303 

44-1 

138  54 

I5a7.45 

1914-81 

85766.131 

6.6408 

3.5330 

44-3 

13B.S6 

1534-39 

1953.64 

86350.888 

6.64B3 

3-5357 

^—     44.3 

139.17 

lS-ll-34 

1963.49 

86938.307 

6.6558 

3-5384                ^ 

H     44.4 

139.49 

1548.30 

1971-3* 

B7538.384 

6.6633 

3.5410              ^k 

■    44.5 

139.60 

'555 .iB 

1980.35 

B8.3..135 

6,6708 

3. 5437            ^1 

■    44.0 

1563.18 

1989-16 

88716.536 

6.6783 

3-5463             V 

H  '^•i 

140.43 

1569.30 

1998,09 

B9314-633 

6.6858 

3-5490 

■  44.A 

140.74 

1576-33 

J007.O4 

89915.393 

6.6933 

3-SS16 

■  44.., 

14I-06 

'583-37 

2016,01 

90518.849 

6.7007 

3-5543 

■  45.0 

141.37 

1590-43 

3035.00 

91135,000 

6.708a 

3-5569 

■  45.1 

141.69 

1597.51 

3034,01 

91733-851 

6.7156 

3-5595 

■    45-3 

i4a-oo 

1604.60 

3043.04 

91345-408 

6.7331 

3,5631 

■    45.3 

14a. ji 

1611.71 

3052.09 

93959-677 

6.7305 

3-564H 

■    45.4 

142-63 

1618.83 

3061,16 

93576.664 

6.7379 

3   5674 

■    45s 

143.94 

1635-97 

3070.35 

94196-375 

6.7454 

3,5700                J 

■    45.6 

143.36 

1633.13 

3079.36 

9481B.B16 

6.7528 

3-5736              ■ 

■    45.7 

'43-57 

1640.30 

J08a.4q 

954J3-993 

6.7603 

3-5753              ^1 

■  45. s 

143.88 

1647.48 

3097-64 

96071.911 

6-7676 

3-577B              1 

.            45.9 

144. JO 

1654 -68 

3io6.8< 

96703.579 

6.7749 

3-5805, 

46.0 

144.51 

16G1.90 

3116.00 

97336,000 

6.7B33 

3  5S30 

46- r 

M4-83 

1669- 14 

3125-31 

97973.181 

6.7897 

3  5856 

^—    46. a 

145-14 

1676.39 

3134-44 

98611.138 

6.7971 

3,5881 

■.  46-3 

145.46 

168J.-.5 

3143-69 

99152.847 

6,8044 

3- 5908 

H46.4 

145-77 

1690. y3 

J153  95 

99897,344 

6.81.7 

3-5934 

B^-s 

146. oS 

1693.33 

3163.35 

100544.635 

6.8191 

3-5960 

■  46.6 

146.40 

170^.54 

3171-56 

.0.194.696 

6.8264 

3.5986              ^ 

^■'46-7 

.46.71 

1713.87 

3180.89 

10.847,563 

6.8337 

3,6011           ^H 

H46.B 

147.03 

1710,31 

3190  24 

103503.233 

6.8410 

3.6037           ■ 

H46-9 

147  34 

1737-57 

3199.61 

103161.709 

6.8484 

3.6063        H 

^■470 

'47-65 

1734.94 

3300  00 

103833.000 

6.8556 

3-6oeB             V 

^■47-> 

147-07 

1743.34 

2318.41 

104487.1" 

6-8639 

36114           H 

I4S.:3 

'749.74 

3337.84 

105154.048 

6,8702      3,6l»               H 
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CIRCLES.   SQUARES,  AND  CUBES— Gw/m»^^. 


n 

nw 

4 

»« 

«• 

♦^ 

a 

Diam. 

Circumf. 

Area. 

Square. 

Cube. 

Sq.  Root. 

Cub.  Ru 

47. 3 

148.60 

1757.16 

2237.29 

105823.817 

6.8775 

, ^ 

3*6165 

47.4 

148.91 

1764  60 

3346.76 

106496.424 

6.8847 

3.6190 

47.5 

149.23 

1772.05 

3356.35 

107171.875 

6.8920 

3.6216 

47.6 

149-54 

1779.52 

3365.76 

107850.176 

6.8993 

3.6241 

47.7 

149-85 

1787.01 

3275.29 

108531.333 

6.9065 

3.6267 

47.8 

150.17 

1794  51 

3384.84 

109315.353 

6.9137 

3.6292 

47  9 

150.48 

1802.03 

3394.41 

109903.339 

6.9209 

3.6317 

48.0 

150.80 

1809.56 

2304.00 

110593.000 

6.9282 

3.6342 

48.1 

151. II 

1817.11 

3313.61 

I I 1384. 641 

6.9354 

3.6368 

48.3 

151.42 

1824.67 

3323.34 

111980.168 

6.9426 

3.6393 

48.3 

151.74 

1832.35 

3333.89 

113678.587 

6.9498 

3.6418 

48.4 

152.05 

1839.84 

3342.56 

"3379.904 

6.9570 

3.6443 

48.5 

152.37 

1847.45 

3352.35 

114084.135 

6.9642 

3.6468 

48.6 

152.68 

1855.08 

3361.96 

114791.356 

6.9714 

3.6493 

48.7 

153.00 

1862.72 

3371.69 

115501.303 

6.9785 

3.6518 

48.8 

153.31 

1870.38 

3381.44 

116314.373 

6.9857 

3-6543 

48.9 

153.62 

1878.05 

3391.31 

116930.169 

6.9928 

3.656a 

49.0 

153.94 

1885.74 

2401.00 

117649.000 

7.0000 

3.6593 

49  I 

154.25 

1893.45 

34x0.81 

118370.771 

7.0071 

3.6618 

49.2 

154.57 

1901.17 

3430.64 

119095.488 

7.0143 

3.6643 

49-3 

154.88 

1908.90 

3430.49 

II9833.157 

7.0214 

3.6668 

49-4 

155.19 

1916.65 

3440.36 

120553.784 

7.0285 

3.6692 

49.5 

155.51 

1924.42 

3450.25 

121287.375 

7.0356 

3.6717 

49-6 

155.82 

1932.21 

2460.16 

122023.936 

7  0427 

3  6742 

49.7 

156.14 

1940.00 

2470.09 

122763.473 

7.0498 

3.6767 

49.8 

156.45 

1947.82 

2480.04 

123505.992 

7.0569 

3.6791 

49-9 

156.77 

1955.65 

2490.01 

124251.499 

7.0640 

3.6816 

50.0 

157.08 

1963.50 

2500.00 

125000.000 

7.0711 

3.6840 

51.0 

X60.22 

2042 . 82 

2601.00 

132651.000 

7.1414 

3.7084 

52.0 

163.36 

2123.72 

2704.00 

140608.000 

7.2111 

3  7325 

53.0 

166.50 

2206.19 

2809.00 

148877.000 

7.2801 

3  7563 

54.0 

169.64 

2290.22 

2916.00 

157464.000 

7.3485 

3 . 7798 

55.0 

172.78 

2375.83 

3025.00 

166375.000 

7.4162 

3 . 8030 

56.0 

X75  93 

2463.01 

3136.00 

175616.000 

7.4833 

3-82:;9 

570 

179.07 

2551  76 

3249.00 

185193.000 

7.5498 

3.8485 

58.0 

182.21 

2642.08 

3364.00 

195112.000 

7.6158 

3.8709 

590 

185.35 

2733.^7 

3481.00 

205379.000 

7.6811 

3.8930 

60.0 

188.49 

2827.44 

3600.00 

216000.000 

7.7460 

3.9M9 

61.0 

191.63  " 

2922.47 

3721.00 

226981.000 

7.8102 

3 . 9365 

62.0 

194-77 

3019.07 

3844.00 

238328.000 

•  7.8740  ! 

3.9579 

63.0 

197.92 

3117.25 

3969 . 00 

250047.000 

7.9373  . 

3.9791 

64.0 

201 .06 

3216.99 

4096.00 

262144.000 

8.0000 

4.0000 

65.0 

204 . 20 

3318.31 

4225.00 

274625.000 

8.0623 

4.0207 

66.0 

207 . 34 

3421.20 

4356.00 

287496.000 

8.I24D  ' 

40412 
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CIRCLES.    SQUARES,   AND 

CUBES— G.B 

^^k 

. 

n 

■1- 

.. 

■> 

V.        ■ 

Dtoo, 

CircuBf. 

Am. 

SqUlUT. 

Cube. 

5q.  Boot.  1  Cub.  St.         ^H 

67.0 

a.o.48 

3SJ5.66 

4489.00 

300763.000 

8.1854 

4..,,      ■ 

6S 

113.63 

3031 

69 

J6J4.00 

3i443a-ooo 

8 

3462 

H 

69 

jr6.77 

3J39 

47(il.<>o 

3i850<j.ooO 

3066 

H 

70 

2iq.yt 

3848 

46 

41,00.00 

343000-000 

3666 

^H 

71 

aa^.os 

39S9 

5041-00 

3579" -000 

3 

4361 

41408       ^1 

72 

aa6.i9 

40JI 

51 

5184-00 

373348.000 

8 

4853 

4.1603     H 

^      73 

aaq.33 

4185 

39 

5329.00 

389017.000 

8 

5440 

H 

■■    » 

»3».47 

4300 

85 

5476. OD 

405224.000 

8 

6023 

■ 

■    7! 

235. 6a 

44'7 

S7 

5625,00 

42.875 .000 

6603 

■ 

■    7« 

138.76 

4536 

47 

5776.00 

438976.000 

8 

7178 

^1 

H    " 

341.90 

4656 

63 

59Sg  00 

456!3J.ooo 

8 

7750 

■ 

■    ?• 

W5-04 

4778 

37 

6084.00 

474553.000 

8 

3.8 

■ 

■    7<l 

»48.l8 

49°' 

68 

6341.00 

493039.000 

a 

8383 

4.1908     ■ 

■    io 

»Si-3a 

5036 

S6 

6400.00 

512000,000 

8 

9443   1   4-3089            ^H 

W-  " 

854.47 

5'53 

6561.00 

53" 44"  000 

9 

0000  1  4-3167           ■ 

m     Si 

857 -61 

5381 

03 

6734.00 

551368.000 

9 

0!54      4-3445            ^H 

«3 

a6o.7S 

54«0 

62 

6889.00 

571797.000 

1104     4.3631         ^H 

84 

(63.89 

554 1 

78 

7056.00 

591704. «» 

■653      4.379$             ■ 

•s 

167.03 

5674 

50 

7335.00 

614125.000 

9 

"195      43968           H 

06 

870-17 

5S08 

Si 

7396.00 

636056.000 

9 

1736 , 4-4140       ^m 

_       t7 

373-31 

5944 

6g 

756900 

658503-000 

9 

3274  ,  4  43IO             ^ 

L  ss 

376.46 

6081 

13 

7744.00 

68 147*. 000 

9 

3808 

4.4480 

■   s; 

37(j.6o 

6321 

n 

79" -00 

704969,000 

9 

4340 

4.4('47 

■     V 

183.74 

6361 

74 

Stoo.oo 

729000.000 

9 

4S68 

4-4814 

m    V 

185  8S 

6503 

99 

BjBi.oo 

7S 3571 -000 

9 

5394 

4.4979 

91 

aSg.oa 

6647 

63 

84&4.00 

778698.000 

9 

5917 

4-S144 

93 

393.17 

679a 

93 

8649.00 

B04357.000 

9 

6437 

4.5307 

94 

ags-3' 

6939 

78 

8836.00 

830584.000 

9 

6954 

4-5463 

95 

298-45 

7OB8 

33 

9025.00 

857375-000 

9 

7468 

4.5629 

^      96 

301-59 

7*38 

9216-00 

884736.000 

9 

7980 

4-5789 

K    9' 

304-73 

7389 

81 

9409.00 

912673.000 

9 

B489 

4.5947 

■    9S 

307,87 

7513 

98 

9&>4.oO 

941198.000 

9 

8995 

4.6104 

■    99 

31 1.03 

7697 

08 

9801.00 

970399.000 

9 

9499 

4.6361 

1""° 

314-16 

7854-00 

10000.00 

4.6416 

V 
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Table  No.  VI. 

CIRCUMFERENCES  AND   AREAS  OF  CIRCLES.* 


Diam. 

Circum. 

Area. 

0.7854 
3.1416 

Diam. 

Circum. 

Area. 

Diam. 

Circum. 

Area. 

r 
a 

1.1416 
6.a83a 

65 
66 

004. ao 
207.34 

33«8  31 
3421.19 

i^ 

405.37 
408.41 

19069.81 

13373.83 
13478.3a 

3 

9*4348 

.7.0686 

% 

aio.49 

3535  65 
3631.68 

131 

4" -55 
4M.69 

4 

ia.5664 

ia.5664 

213.63 

13a 

13684.78 

5 

15.7080 

»9.635 

;1 

ai6.77 

3739-38 
3848.45 

'33 

4«7.83 

13893.91 

6 

18.850 

28.374 
38.485 

319.91 

»34 

430.97 

14103.61 

7 

ai.9gi 

7« 

223.05 

3959.19 

'35 

434.13 

14313-88 

P 

as- 133 
a8.a74 

50.a66 

7a 

aa6.i9 

4071.50 

«36 

437.36 

14536.7a 

xl 

63.617 
78.540 

73 

229.34 

4185.39 

«37 

430.40 

«474»-i4 

31.416 

74 

232.48 

4300.8i 
4417.86 

138 

433.54 
436.S 

14957-13 

II 

34  558 

95  033 

75 

235.6a 

1V8 

15174.68 

la 

37699 

113. 10 

76 

338.76 

4536.46 

439.83 

15393-80 

>3 

40.841 

'32.73 

77 

341.90 

4656.63 
4778.36 

141 

443.96 

15614.50 

14 

43 -983 

»53-94 

78 

345.04 
348.19 

143 

446.11 

15836.77 

IS 

47  "4 

176.71 

U 

4901.67 

«43 

449-35 

i6o6u.6i 

i6 

50.365 

201.06 

a5i.33 

5026.55 

144 

453.39 

16386.09 

»7 

53*407 

aa6.98 

81 

a54-47 

5153.00 

145 

455.53 

16513.00 

i8 

56 '549 

254.47 

8a 

357.61 

5281.03 

146 

458.67 

16741.55 

10 

59-690 

383.53 

83 

360.75 

5410.61 

147 

461.81 

16971.67 

20 

6a. 83a 

3M-»6 
346.36 

84 

363.89 

5541.77 
5674.50 
5808.80 

148 

464.96 

17303.36 

at 

65.973 

85 

a67.04 
370.18 

-'.♦2 

468.10 

17436.63 

^Q^ 

69.115 

380.13 

86 

160 

47J-24 

17671.46 

^3 

7a.a57 

415-48 

li 

373-3' 

5944-68 

«5i 

474.. 38 

17907  86 

94 

75-398 

452.39 
490.87 

376.46 

608a. 17 

153 

♦27-53 

18145.84 

«5 

78.540 

^ 

379.60 

6331.14 

«53 

480.66 

18385. 3Q 

a6 

81.681 

530.93 

385 isS 

6503.88 

»54 

483-81 

18^26.50 

a7 

84.833 

573.56 

9> 

155 

48695 

18869.19 

a8 

87.965 

615  75 

92 

2''903 

6647.61 

156 

490.09 

»9"3-45 

»i 

91. 106 

660.5a 

93 

393.17 

6793.91 

157 

493  33 

19359.28 

94-248 

706.86 

94 

295  31 

6939  78 

158 

496.37 

19606.68 

3« 

97  389 

754.77 

95 

398.45 

7088. aa 

X^ 

499.51 

19855.6s 

3a 

100.53 

804.25 

96 

301   59 

7238.23 

502  65 

20106.19 

33 

103.67 

855.30 

97 

3«4.73 

7389.81 

161 

505.80 

20358.31 

34 

106.81 

907.92 

98 

307.88 

7542.96 

i6a 

508.94 

30611.99 

35 
36 

109.96 
113.10 

96a. 11 
1017.88 

loS 

311.0a 
314.16 

7697.69 
7853.98 
8011  85 

163 
164 

512.08 
515  22 

20867.24 
21124.07 

37 

116.24 

1075.21 

101 

3«7.3o 

165 

518.36 

21382.46 

38 

119.38 

1134.11 

102 

320-44 

8171.28 

166 

521.50 

•41643.43 

3Q 

\i'i.yi 

»»94-59 

«o3 

.323-58 

8332.29 

167 

524  65 

21903.97 

40 

laS  66 

1256.64 

IC4 

326.73 

8494  87 

168 

527.79 

22167.08 

4t 

ia8.8i 

1320.25 

105 

.329.87 

8659.01 

i6v 

530.93 

22431.76 

4a 

131  95 

•385  44 

106 

33^  01 

8824.73 

170 

534  07 

22698.01 

43 

»35  «>> 

1452.20 

107 

336.15 

8992  oa 

171 

537-21 

33965.83 

44 

•38.23 

'520.5i 

108 

339-29 

9160.88 

17a 

540  35 

23335.33 

45 

'4«-37 

1500.43 

n1 

34'.' -43 

0331  32 

173 

543  5" 

23506  18 

4^ 

U4-51 

1661 .90 

.345.58 

9503.3a 

»74 

546.64 

23778.71 

47 

147.65 

•734.94 

III 

.348  72 

9676.89 

175 

549.78 

24052.82 

48 

150  80 

1809.56 

112 

351  86 

0852.03 

176 

552.92 

24728  49 

49 

'53-94 

1885.74 

113 

.355-00 

1CXJ28.75 

177 

556.06 

24605 . 74 

50 

•57  08 

196:1    so 

"4 

358.14 

10207  03 

178 

559  20 

24884.56 

51 

ir«o.22 

2042.82 

115 

361.28 

10386.89 

I'l^ 

562.35 

25164.94 

52 

i^><.  ?6 

212^.72 

116 

.364 .  42 

10^68.32 

565-40 

25446.90 

53 

1 6f » .  50 

220r..l8 

117 

3^7.57 

10751.32 

181 

568.63 

257.30.43 

54 

Ift>.6i; 

2-'9'>.22 

118 

370.71 

10935  88 

182 

571-77 

26015   53 

55 

I  72 . 79 

•■'375.8} 

I2S 

373.85 

11122.02 

183 

574  9  • 

26302  20 

5fi 

'7';-93 

246^.01 

37ti  99 

11309.73 

184 

578.05 

26590.44 

57 

1 70. 07 

2551.76 

121 

^8<^.i3 

11499.01 

185 

581.19 

36880.25 

58 

187.21 

2642.08 

122 

383  27 

11689.87 

186 

.584.34 

27171 .63 

y* 

«8s.35 

27^3.97 

"3 

l86  42 

11882.20 

187 

587  48 

37464.50 

tfO 

188.  c;o 

2827.43 

124 

389 -.56 

12076.28 

188 

590.6a 

27759   11 

61 

191 .64 

2922.47 

125 

392  70 

12271.85 

180 

593  76 

28055.31 

63 

IQ4-78 

3019.07 

126 

39s. 84 

12468.98 

190 

596.90 

38353.87 

63 

107-9' 

3117.25 

127 

308.98 

12667.60 

101 

600.04 

3865a.it 

64 

2«>i  .06 

3J16.99 

128 

402 . 1 2 

12867.96 

19a 

603.19 

38953.93 

^  From  Kent's  Pocket-book  for  Mechanical  Engineers. 
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Table  No.  VII.                                           ^| 

LOGARITHMS  OF  NUMBERS. 

Bo. 

0 

1 

s 

9 

4 

6 

6 

7 

8 

& 

10 

0000 

D043 

008G 

0128 

0170 

021 3 

0353 

0294 

0334 

°374 

0414 

0453 

0492 

X, 

0569 

0607 

0G45 

0683 

0719 

075s 

11 

0793 

oSiS 

0864 

0934 

0969 

1004 

1038 

1072 

1106 

13 

"39 

■"73 

1206 

1*39 

;m 

•303 

'335 

'367 

'399 

'430 

M 

U6l 

1492 

>5J3 

'553 

1614 

1644 

'673 

1703 

'733 

•5 

^^u 

1790 

18I8 

•847 

"87s 

1903 

»93< 

.959 

1987 

2014 

le 

2041 

306S 

3095 

3t4S 

3175 

2227 

3253 

2279 

17, 

'304 

33.10 

33SS 

33to 

340; 

2430 

3455 

2480 

3504 

2529 

IS 

?5S 

E 

2601 

36J5 
2S56 

264S 

3673 

2695 

3718 

2742 

276s 

>9 

28j3 

3878 

2900 

3933 

3945 

3967 

2989 

ao 

3010 

v^i^ 

3054 

3°7S 

3096 

31 '8 

3' 39 

3160 

318. 

3301 

33" 

3^43 

3^63 

3384 

3304 

3334 

3345 

3365 

3385 

3404 

3424 

3444 

3464 

3483 

35°i 

35" 

3541 

3560 

3579 

3598 

33 

3G17 

36J6 

3&5S 

3674 

3692 

JK 

37^9 

3747 

3766 

3784 

34 

3802 

3820 

m 

3856 

3874 

3909 

39*7 

3945 

3963 

■5 

3979 

3997 

4014 

4031 

4048 

4065 

4082 

4099 

4u6 

431^ 

ae 

4150 

4(66 

4:83 

4200 

421O 

4333 

4349 

4365 

4281 

a? 

43 '4 

4330 

434^ 

4362 

43;8 

4393 

4409 

44*5 

444° 

4456 

38 

447' 

4487 

;§: 

'& 

4533 

454S 

45f>4 

4579 

4594 

4609 

39 

4634 

4639 

4683 

4698 

47' 3 

4728 

474a 

4757 

SO 

477" 

4786 

4S00 

4814 

4829 

■4843 

4857 

4871 

4886 

4900 

3» 

4914 

4938 

4942 

49SS 

4969 

4983 

4997 

5011 

5024 

5038 

33 

sou 

^3 

S079 

5093 

5105 

5119 

5' 3* 

5'45 

iii 

5'7a 

33 

5'85 

5211 

5224 

5*37 

5350 

5563 

5276 

53°^ 

34 

5315 

5338 

5340 

5353 

5366 

5378 

5391 

5403 

54'6 

5438 

35 

5441 

5453 

5465 

5478 

5490 

550'i 

S5'4 

55»7 

5539 

555' 

36 

55^3 

SS7S 

SS87 

5599 

S6.. 

5633 

56S5 

5647 

5658 

37 

5682 

5694 

w^ 

Wl 

fC 

574° 

575= 

5763 

IIS 

38 

579a 

5809 

5855 

S8S6 

%\ 

39 

59' I 

5922 

5933 

5944 

5955 

5906 

5977 

5999 

6010 

40 

ban 

6031 

604a 

6053 

&o64 

f;& 

60S5 

6096 

6107 

6117 

41 

6118 

6138 

6149 

6160 

6170 

6191 

6201 

6312 

6332 

4* 

bn^ 

6343 

6=53 

6363 

6274 

6284 

6294 

6304 

6314 

63*5 

43 

1^335 

G345 

635s 

6365 

637s 

63S5 

6395 

6405 

64.5 

6435 

^ 

44 

^35 

6444 

6454 

6464 

6474 

6484 

6493 

6503 

6513 

^J22 

ft 

45 

^^1 

6543 

6551 

6561 

657' 

6580 

6590 

6599 

6609 

6618 

46 

6637 

6646 

6656 

G665 

«'75 

O684 

6693 

6702 

6S03 

47 

^?i 

6730 

6739 

6749 

K 

6767 

6776 

67S5 

6794 

48 

6&2I 

6630 

6S39 

6Si7 

6866 

6S75 

6884 

6893 

■ 

49 

6903 

6911 

6920 

692S 

6937 

69^^ 

6955 

6964 

6973 

6981 

■ 

50 

6990 

6998 

7007 

7016 

7024 

7033 

7043 

7050 

7059 

7067 

51 

7076 

70H4 

7093 

7101 

7(10 

7US 

7136 

7'35 

7'43 

7'5a 

1 

53 

7160 

7168 

7' 77 

7'8S 

7193 

7302 

7310 

7318 

7236 

7*35 

53 

7M3 

7251 

7^59 

7367 

727s 

7284 

7293 

7300 

730S 

73'6 

L 

S4 

73^ 

7333 

7340 

7348 

735'' 

7364 

7372 

7380 

7388 

7396 

i 

So. 

0 

1 

2 

3 

4 

5 

6 

~7~ 

8 

9 
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1 

So, 

0 

1 

fi 

3 

4 

6 

6 

7 

a 

9 

^ 

55 

7454 

7412 

74  "9 

7427 

74JS 

7443 

745" 

7459 

7466 

7474 

5^ 

7482 

7490 

7497 
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Table  Na  IX. 

COEFFICIENTS.   STRENGTH   OF   MATERIALS. 


across 


«< 


«• 
«« 


<< 


«< 


«« 


Cast-iron 

Average 

American  ordnance 

Repeatedly  melted 

Wrought-iron — 

Finest  Low-  (  with    grain . . 

moor  plates:  \  across 

Bridge-iron:  |  '^'*** 

Bars,  finest 

Bars,  ordinary. . . . 

Bars,  soft  Swedish 

Wire 

Steel— 

MiM-steel  plates.. 

Axle  and  rail  steel 

Crucible  tool- 
Chrome 

Tungsten 

Steel  wire 

Piano- wire , 

Copper — 

Cast 

Rolled . 

Wire,  hard  drawn 
Brass , 

Wire 

Gun-metal , 

Phosphor  bronze 

2inc,  case.   , 

Zinc,  rolled 

Tin 

Lead 

Timber — 

Oak 

W*hite  pine 

Picch-pine 

Ash 

Beech 

Mahogany , 

Stone- 
Granite 

Sandstone 

Limestone 

Brick 


Ultimate  Strength. 
Tons  per  Square  loch. 


Tension. 


7 

M 
15-20 

27-29 

22 

19 
27-29 

19-24 
25-50 

26-32 

30-45 
40-65 

80 

72 

70 
150 

10-14 
15-16 

23 

8-13 
22 

11-23 

15-26 

2-3 

7-10 

2 
0.9 

3-7 
ii-3i 
4 
4-7 
4-6 
4-7 


Com- 
pretsion. 


25-65 

42 

36-58 

60-75 


Shearing. 


9-13 
II 


20 


35 
5 


4 
2i 

2-4 

4 
3i 

2i-5 

li-2i 

ii-3 


^18-22 


o 

3 


10-14 


ModuH. 
Tons  per  Sq.  Inch. 


Elasticity. 


Rig. 


E» 


12,000 

to 
13,000 


12,000 

to 
13.000 

13.000 

7000 

8000 
5500 
6400 
4500-6000 
6000 

5500 

1000 

800 
600 

950 
750 

650 


1300 
to 

2500 


5000 


5000 
10 

5200 


2S00 
1500 
2200 
1700 
2400 


From  Vol.  XX IL,  Encvc.  Britannica. 
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Table  No.  X. 

PROPERTIES    OF   AIR. 

Of  the  Weights  of  Air,  Vapor  of  Water,  and  Saturated  MixTUREa 

OF  Air  and  Vapor  of  Different  Temfbraturbs,  under  the  Ordi- 

narv  ATHOSPHBRtc  pREssuBE  OF  39.931  INCURS  OF  Mercurv. 
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1' 

i 

El«tk      W« 

WhtofBCU 

ilcfoolodhcmiiiun. 

AJ"  o'lb.'  "~ 

1 

pi 

pot  In  >Dch« 
S?  M.rciiry.1    p 

h'Air°'      1 

OUDdl. 

Veiahiol 

-S' 

1 

2 

3 

4 

e 

6 

7 
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.086379 
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.0814 

.ttS 

39.B03 
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yi 

,0807 

.iSi 

39.740 

0S03 

000304 

.P80504 

4a 

.0791 

.367 

39.654 

0784 

000440 

.07E840 

53 

.0770 

.388 

a9-533 

0766 

000637 

.077237 

60 

OS  7 

.0764 

■5« 

39.399 

07s ' 

OC0830 

.075*52 

63 

061 

.0761 

.556 

99.365 

0747 

oooSBt 

.0755B1 

70 

078 

.0750 

.754 

39- '83 

0731 

00MS3 

■073509 

7a 

o«l 

.0747 

.78s 

ag.Jit. 

0737 

.0:3931 

Bl 

■0733 

I.OQ2 

38.819 

0706 

^l66j 

.072267 

93 

,0730 

I. JO* 

38.430 

0684 

0O32SO 

070717 

139 

,0710 

1.939 

37.993 

0664 

002848 

.c  69261 

'43 

.0707 

3036 

37.885 

0659 

003997 

.C6SE97 

■  63 

.0654 
.0683 

a.  731 

37.190 

C631 

0039,6 

.067043 

isa 

:8j 

3.6ai 

36.300 

0599 

cofMa 

.o6'Oj6 

133 

104 

,0671 

4-75a 

35.169 

0564 

006639 

.06:039 

14a 

124 

.0660 

6.,6S 

83.756 

0534 

C084J3 

.0<087J 

"Sa 

W5 

.o64g 

7-930 

21.991 

0477 

oio;i6 

.058416 

i6a 

^S 

,0638 

10.099 

19.833 

0433 

013415 

.055715 

17a 

a85 

.0638 

13.758 

17.163 

0360 

0166B2 

.052682 

tSs 

J06 

,061a 

15.960 

13-961 

□388 

020536 

.049336 

19a 

326 

19.838 

10.093 

0205 

035Ma 

.04564a 

aoa 

3^17 

.0600 

24.450 

5471 

0109 

030545 

.041445 

3)1 

367 

.QS9> 

39.931 

0000     J 

D36B20 

x>3683a 
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diitun  oi  Alrulu- 
raled  witb  Vapor. 
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10 

It 

12 

10 

14 
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O' 

00093 

1093.4 

o3o;6 

.03054 

48.5 

43.7 

00115 

646.1 

03004 

.O3006 

50.  J 

50.0 

OOJ4S 

406.4 

01961 

.01963 

SI. I 

51.0 

33 

00379 

263.31 

3^8^ 

01931 

.01934 

53.0 

51.8 

41 

00561 

178.18 

3353 

018S3 

.O1S84 

53.2 

53-8 

51 

133.17 

1595 

01847 

.OIS4S 

54.0 

53.8 

6o 

OI35I 

93.37 

1337 

55.0 

54.9 

63 

01 179 

84.79 

113s 

0I8II 

,OlBl3 

S6.3 

55.  J 

TO 

01780 

64.59 

882 

01777 

-01794 

57- 3 

56.S 

73 

01680 

59-54 

8t9 

01777 

,01790 

S8.5 

56.8 

83 

03361 

43.35 

600 

01744 

.01770 

57-3 

56.5 

g3 

03389 

30.40 

444 

.01751 

58.5 

57- ■ 

0449s 

33.66 

356 

01690 

.01735 

59.1 

57.8 

04547 

31. gB 

334 

01633 

■01731 

59-5 

57-8 

06353 

15.99 

353 

01651 

.01711 

6a.6 

S8.5 

095B4 

■  1.65 

194 

01633 

.01691 

61.7 

59.1 

132 

11771 

8.49 

151 

OI59& 

.0.670 

63.5 

59-9 

141 

16170 

6.18 

MS 

0157' 

.01653 

fi3-7 

60.6 

IS2 

33465 

4.45 

93-3 

01544 

.01654 

6;.o 

60.5 

163 

31713 

3-15 

74-5 

01518 

.01656 

63.3 

60.4 

46338 

3.16 

59.2 

01 4W 

.01658 

(17.1 

60.3 

1S3 

71300 

4S.6 

.01687 

68.0 

59-5 

iqa           I 

33643 

.S15 

39.8 

01449 

80330 

-357 

33.7 

CIM66 

68.5 

313          1 

finite 

27.1 

01406 

71.4 

Table  XI. 

RELATIVE   WEIGHTS   OF   WATER   AND    AIR. 
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Table  N*o.  XII. 

MOISTURE  ABSORBED   BY  AIR.* 

The  Quantity  of  Watrr  which  Air  is  Capable  of  Absorbing  to  thi 
Point  of  Maximum  Saturation,  in  Grains  per  Cubic  Foot 

FOR  Various  Temperatures. 


Deffrecs 

Grains  in  a 

Decreet 

Grains  in  a 

Fahr. 

Cubic  Foot. 

Fahr. 

Cubic  Foot. 

—  20 

0.219 

55 

4.849 

—  10 

0.356 

57 

5.191 

-    5 

0.450 

60 

5.744 

0 

0.564 

62 

6.142 

5 

0.705 

65 

6.782 

10 

0.873 

67 

7.241 

15 

1.075 

70 

7.980 

20 

1. 321 

72 

8.508 

25 

1. 611 

75 

9.356 

30 

1.958 

77 

9.961 

32 

2. 113 

80 

10.933 

35 

2.366 

85 

12.736 

40 

2.849 

90 

14.791 

45 

3.414 

95 

17.124 

50 

4.076 

100 

19.766 

52 

4.372 

105 

22.751 

Table  No.  XIIa. 
relative  humidity  of  the  air.* 


Difference  of 

Temperature, 

Wet  and  Dry 

Bulb. 

Temperature  of  the  Air. 

3a»  F. 

70«F. 

90«F. 

0.5 

I 
2 

3 

4 

5 

6 

7 
8 

9 

10 

12 

14 

16 

18 
20 
22 

24 

95 
90 
79 
69 

59 
50 
40 

31 
21 
12 

3 

98 

95 

90 
86 

81 

77 
72 
68 

64 
60 

55 

48 
40 

33 
26 

19     . 

13 
7 

98 
96 
92 
88 

85 
81 

78 

75 

71 
68 

65 
59 
53 
*   47 
41 
36 
32 
26 

*  From  Weather  Bulletin  No.  X27,  U.  S.  Dept.  of  Agriculture,  1897,  for 
barometer  92.4, 
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Table  No.  XIII. 

PROPERTIES  OF  SA'iUKAlED  STEAM. 
[FroiB  Charles  T.  P6rter*B  treatiM  oo  Tht  Rickmrdt  SUmm-^ngim  iudiemUr,^ 
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Ttaaptnitart. 
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icroFahr. 
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• 
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ttroFahr. 

•q.ln. 

Fidir.Ikg. 

ax.u. 

B.T.U. 

B.T.U. 

Lba. 

1 

102.00 

102.06 

1048.06 

1145.05 

.0080 

8 

126.26 

126.44 

1026.01 

1152.45 

.0058 

8 

141.68 

141.87 

1015.25 

1157.18 

.0085 
.0112 

4 

168.07 

158.89 

1007.22 

1160.62 

5 

162.88 

162.72 

1000.78 

1168.44 

.0187 

6 

170.12 

170.57 

905.84 

1165.82 

:016S 

7 

176.01 

1T7.4-3 

090  47 

1167.89 

.0188 

8 

1$2.01 

188.48 

886.24 

1160.78 

.0214 

8 

188.81 

188.01 

082.48 

1171.87 

.0238 

10 

108.24 

108.91 

978.05 

1172.87 

.0264 

11 

107.76 

108.40 

075.76 

1174.25 

.0288 

18 

801.06 

802.78 

072.80 

1175.53 

.0318 

18 

205.88 

206.70 

070.02 

1176.78 

.0387 

14 

200.56 

210.48 

067.48 

1177.85 

.0363 

15 

218.02 

213.08 

864.07 

1178.91 

.(^87 

-le 

216  29 

217.25 

062.65 

1179.90 

.0118 

17 

210.41 

220.40 

060.46 

1180.85 

.0487 

18 

222.87 

828.41 

058.84 

1181.76 

.0463 

10 

225.20 

226.28 

056.»4 

1182.62 

.0487 

80 

227.01 

220.03 

054.41 

1188.45 

.0511 

81 

280.51 

281.07 

052.57 

1184.24 

.0586 

82 

288.01 

231.21 

050.70 

1185^.00 

.0661 

88 

235.48 

236.67 

040.07 

lia5.74 

.0585 

24 

237.75 

239.02 

047.43 

1186.45 

.0610 

25 

240.00 

241.81 

045.82 

1187.18 

.0634 

26 

242.17 

243.52 

044.27 

1187.80 

.0658 

27 

244. S8 

245.67 

942.77 

1188.44 

.068dr 

28 

246.82 

247.74 

941.82 

1189.06 

.0707 

29 

248.81 

249.76 

939.90 

1189.67 

.0781 

80 

250.24 

251.78 

988.92 

1190.26 

.0755 

81 

252.12 

253.64 

037.18 

1100.83 

.0778 

83 

253.95 

255.61 

935.88 

1191.30 

.0803 

83 

255.73 

257.82 

934.60 

1191.93 

.0827 

84 

267.47 

259.10 

933.80 

1192.46 

.0851 

85 

259.17 

260.83 

932.15 

1192.98 

.0875 

86 

260.88 

262.53 

930.96 

1198.49 

.0899 

87 

262.45 

2G4.18 

929.80 

1193.98 

.0922 

88 

264.04 

265.80 

028.07 

1194.47 

.0946 

80 

265.59 

267.38 

927.66 

1194.94 

.0070 

40 

267.12 

268.93 

926.47 

1195.41 

.0994 

41 

268.61 

270.46 

925.40. 

1195.86 

1017 

42 

270.07 

271.95 

924.85 

1196.31 

1041 

43 

271.50 

273.41 

923.33 

1196.74 

.1064 

44 

272.91 

274.85 

922.82 

1197.17 

.1088 

45 

274.29 

276.26 

921.88 

1197.60 

.1111 

46 

276.65- 

277.65 

920.36 

1198.01 

.1184 
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H                                PitOPEH'IIES  OF  SaTUKATED    Si  EAM 

-a.,iinutd. 
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^' 
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B.T.a 
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B.T,U. 
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V 
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we -40 

1108.42 

.1108 

« 

278.89 

380.30 

918.40 

1108.83 

.1181 

4S 

2TS.G8 

261.67 

817.54 

1190.31 

,1304 

DO 

.      !60.8S 

%%%  90 

916  03 

1199.80 

.1337 

SI 

282.09 

234.34 

915.73 

1109,98 

.1351 

AS 

2B3.ar 

3S.-i.49 

SH.SS 

1200. S5 

.137* 

sa 

2M.03 

3SB.78 

913.98 

1200.73 

.1297 

S4 

E85'.73 

287.95 

918.13 

1301.06 

.1330 

H 

see  69 

289.15 

912.28 

1301,44 

,1348 

H 

sss.os 

290.33 

911 ,48 

iaoi.79 

.1366 

A7 

289,11 

291.50 

910.84 

1202,14 

.1388 

S8 

290.81 

202.65 

909.88 

1202.48 

.1411 

B9 

aei.« 

203.70 

909.03 

1202.89 

.1484 

«D 

292.58 

294.91 

008  34 

1203.15 

.1487 

81 

293.69 

290.01 

907,47 

1303.48 

.1470 

«a 

£94.08 

297,10 

906,70 

1303.81 

.1903 

«3 

283.71 

:i98.18 

005  94 

1204.13 

-IBM 

«4 

290.75 

299  .-84 

005  20 

1204-44 

.1547 

63 

287.77 

800,80 

804.48 

1204. T6 

.1589 

« 

298.78 

801.33 

003.78 

1205.07 

.1692 

«7 

299. TS 

803.36 

008.01 

1205.37 

.1614 

«8 

800.77 

803.87 

002.29 

120,1.67 

.1637 

flS 

801.76 

304. ae 

901.50 

1205.07 

.10.10 

70 

802.71 

805,87 

»oy,80 

1306  J« 

.1681 

n 

303.87 

806.81 

000  31 

1308.58 

,1708 

n 

804.01 

807.33 

899.83 

1208.84 

.1730 

78 

30.1.55 

808.  ;-7 

898. 8S 

1307.18 

.1748 

74 

806.47 

809.22 

898.18 

1207.41 

.1770 

n 

807.88 

310,16 

S97.S3 

1207.69 

.1798 

7S 

808.29 

811.09 

890.87 

1207, Oft 

.1814 

77 

809. IS 

313.01 

600.23 

1208,24 

.1830 

78 

8t0.04 

813  93 

895,59 

1208.51 

.1867 

79 

810.04 

813.83 

804.85 

1208.77 

.1879 

» 

811.61 

3H,71 

894,88 

1309  04 

.1901 

ei 

813.67 

3IS.S9 

803. TO 

1309,30 

.1928 

63 

813.SS 

818.43 

893,09 

1209.86 

■!H? 

63 

814,38 

817.83 

693.48 

1209.83 

.1987 

B4 

315.19 

818,  rt 

891.83 

13tO,or 

.1988 

1        SB 

816.03 

819.04 

sei.38 

1210. 33 

.2010 

816.83 

819.88 

890.80 

1310,57 

.3088 

817.83 

820.71 

890.10 

1310.83 

.2058 

818.45 

821. M 

889,58 

1211.06 

.SOTO 

919.24 

823.38 

886.94 

1311.31 

.20*7 

320.08 

886.87 

1311,50 

.2118 

320.82 

833.08 

887,80 

1311.70 

.218?. 

321.89 

824,78 

887.24 

1318,03 

.3100 

323.80 

82S,B7 

886,88 

1212.38 

■^. 

828.13 

338.85 

OBfl.ia 

1213,49 

.330f 

333.88 

337.13 

8S&.S3 

1313.73 

.3224 

I               J 
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I 

Ptw 

taulbhaat 

TOUIH-M 

'■i«A 

■b^ 

LUnlBMI. 

.!»'. 

Ob*Ti^^H 

••Smi. 

ctraFihl. 

^H 

W 

Piht.Dei. 

B.T.C. 

BT.U. 

B.T,U. 

■^ 

« 

82I.S3 

877.90 

885.04 

1919.96 

.»,^' 

97 

825-87 

828.87 

S84-60 

1218.18 

.2266 

«e 

820.11 

829.43 

S:S 

1218.40 

.sna 

M 

820.S4 

330.18 

12IS.8S 

,38« 

100 

827,67 

S80.S3 

683.81 

1913.6* 

.3830 

101 

828,29 

831.67 

882.80 

19U.0e 

,2381 

loe 

8«l.00 

332.41 

881-87 

1914.28 

.2an 

103 

828.71 

833.14 

681.85 

1214,30. 

,289) 

IM 

380.41 

333.88 

S80.84 

1214.71 

.MIf 

10$ 

831,11 

334. fse 

8B0.84 

12U.91 

.3134 

lOfl 

331,80 

835.80 

879.84 

1216.14 

.»I54 

107 

883. 40 

836.00 

870.84 

1216.35 

,9475 

106 

833.17 

886.71 

878.84 

1316. S3 

.3498 

109 

S33.es 

837.41 

878,36 

1215.76 

.2616 

110 

331. S3 

838.10 

B7T.8S 

1215.97 

.3037 

111 

883.19 

888.70 

877.37 

1218,17 

.3588 

112 

S3S.83 

8S0.47 

878.89 

1216.37 

.3319 

113 

838.  M 

840-15 

878-41 

1216.67 

.3509 

114 

087.18 

810.83 

875.94 

1916-77 

.3819 

lis 

887.81 

841,60 

676.47 

1216.97 

.2640 

no 

838.43. 

812.18 

876-00 

1317.17 

,3681 

117 

839.10 

8*2,83 

874-58 

1317.86 

,3881 

118 

839.73 

343. 4S 

874.07 

1317.66 

:2701 

119 

340.38 

344.14 

873,61 

1317.75 

.3731 

120 

840.99 

S44.7S 

873.15 

1817.94 

.S74S 

81 

841.61 

84543 

873-70 

1918.IS 

.3781 

122 

842.23 

848. 07 

872.25 

1216.33 

.9788 

»a 

842.85 

848-70 

871-60 

1318,61 

.880) 

uu 

843.48 

817. 34 

871.85 

1218-69 

.3831 

133 

344.07 

847.97 

870,01 

1218.88 

.884» 

IM 

344.07 

843. S9 

870.47 

1210.08 

JWai 

127 

34S.27 

849.21 

870,03 

1319.38 

.tm 

128 

34S.e7 

81B.88 

8S0.6S 

1310.48 

.3909 

129 

848.48 

350-44 

869.16 

1319.81 

ISO 

S47.0S 

sni.oe 

888.78 

1819.79 

:SM3 

181 

847.6* 

851. M 

868.80 

1318.97 

.30*1 

V& 

848.23 

852.38 

887.88 

1230.  IS 

.9961 

138 

848.80 

853.88 

887  40 

1230.83 

.3001 

1S4 

849.88 

858.48 

<W7.03 

1220.60 

.8020 

13S 

349.98 

854.05 

808.83 

1220.67 

.8040 

136 

880-63 

354.04 

868.30 

1320.80 

.8060 

137 

861.08 

855.23 

866.70 

1321.09 

.3079 

138 

851. 7S 

835.81 

665,38 

ISSl.lO 

.8099 

189 

883.81 

856.39 

B84.97 

1321,38 

.8118 

140 

862.78 

850.96 

604.58 

1381.58 

■818S 

141 

8G3.S1 

857.64 

604.16 

1381 .70 

.8158 

148 

863.86 

85S.11 

883.78 

1221.67 

.8178 

148 

864.41 

368.67 

863.S6 

1223.08 

.8199            1 

lU 

364.98 

869.34 

883.98 

1933,30 

.«,.  J 

-1 

J 
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PltOFERTlES   OP  SAVU 

KATED  Steam 

-CoHliHUld. 

■       PRI*- 

eeDilUs  Heli 

Tol.1  Hut 

Wtljhiof 

Mro. 

il»« 

tAt*fit  nnt. 

wmF^r. 

Fool. 

■          ^ 

r.hr.  Drg. 

B,T,C. 

«,T.U. 

B.T.D. 

Lbi 

l";ir 

SSS.SO 

859.80 

863.56 

1233.36 

,83S» 

1   Ifx 

3H.08 

860.6S 

«03.t7 

1323.58 

.8359 

836.67 

860.91 

B61.78 

1223,60 
fc!23.8S 

.8670. 

■    )4S 

BS7.10 

361.46 

861.39 

,8299 

■    IM 

357-63 

302.01 

S61.00 

1283 .01 

.8318 

■    '» 

958.10 

802.55 

860,63 

)223.18 

.8340 

■    »1 

858.08 

SOS. 10 

S60.£a 

1238.33 

.3858 

■  m 

KW-JO 

803  64 

859,86 

1228  40 

.3370 

■   198 

Ra9.73 

SB1.17 

859.47 

1323, M 

.3391 

■    IM 

800.23 

884.71 

859.10 

1233,61 

.3113 

■    lU 

860.74 

803.24 

ws.ra 

1323.07 

.3430 

■  m 

861.20 

865.77 

858.35 

13J4,1S 

.3448 

■     1B7 

SOI. 76 

30O.8O 

S57.98 

1354,38 

.3460 

■    16B 

863.^7 

3(i0.83 

857.61 

1334.43 

.3481 

■     1B9 

802,77 

807.34 

8.17,24 

1824,58 

.3503 

■     '» 

868.37 

307.80 

860.87 

1234.74 

.8520 

W  m 

868. 7T 

888.38 

858.50 

1234.89 

.8539 

162 

8M.37 

398.89 

856.14 

1285,04 

.3558 

1B3 

864.76 

H09-41 

855.78 

1325.19 

.3377 

164 

865.80 

SS9.93 

ftW.M 

1225  31 

.3596 

1           165 

865.74 

870  42 

855.06 

1335,49 

.8614 

'           166 

800.38 

870.93 

854.70 

133rj.64 

.3033 

187 

8M  71 

371.48 

854.35 

1235.78 

.3653 

108 

887.10 

871.93 

803.99 

1235. B3 

.8871 

189 

387.68 

873.43 

S53.64 

1226.08 

.8690 

170 

8(18,15 

373.93 

M3,S0 

1326.23 

.3709 

171 

868.68 

878.43 

852,94 

1236.87 

.8737 

i7a 

889.10 

373.91 

852.59 

1326.61 

.3745 

173 

86B07 

374,40 

852.36 

1226.66 

.3783 

174 

870.04 

874.89 

851.90 

1220.80 

.3781 

17S 

870.01 

875,88 

8St.fi6 

1230.91 

.3799 

170 

870.97 

37S.ee 

851.23 

l-.'37.08 

.3817 

177 

871.44 

878,8* 

830.88 

1327.38 

.3885 

17a 

871.90 

■876.83 

850.64 

1237.87 

.8853 

17» 

873,88 

377.30 

850. SO 

1337.51 

.3871 

ISO 

878.88 

8T7.78 

649.86 

1337.86 

.3680 

181 

873,27 

878.25 

649.6S 

1227.78 

.8907 

1S2 

878,78 

878.73 

849.90 

1227.98 

.89L'5 

'188 

874.18 

379.19 

848.86 

1338.00* 

.8044 

184 

874  68 

379.66 

84&.53 

1238.30 

.3963 

1&1 

STS.oe 

880.18 

848.30 

1338.33 

.3n8i> 

1« 

875,68 

880.59 

»47.88 

1338.47 

.3999 

1S7 

B75.97 

381. OS 

847.65 

1223.01 

.4017 

188 

878,41 

381.61 

847.38 

1238.74 

-4<i33 

138 

878  85 

881.97 

848.90 

1338.87 

.4053 

ISO 

377.39 

383.42 

840.68 

1329.01 

.4072 

181 

877.72 

882.88 

sto.so 

1329.14 

.4089 

189 

378.16 

383.83 

845.94 

1329.37 

.4107 

US 

878.59 

883. '<8 

845.eB 

im.ti 

.4125 
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PROPERTIKS  OF   SATURATED  StEAM — OmtlHUetU 


PreMure 

Sensible  Heat 

Total  Heat 

Weifffatof 
One  Cubic 

above 

Temperature. 

above  Zero 

Latent  Heat 

above  Zero 

Zero. 

Fahr. 

Fahr. 

Fool 

Lbs.  per 
sq.  in. 

Fahr.  Deg. 

B.T.U. 

b.t.u. 

B.T.U. 

Lbs. 

194 

879.08 

884.98 

846.80 

1989.64 

.4148 

186 

879.45 

884.67 

844.90 

1999.67 

.4100 

106 

879.97 

886.19 

844.68 

1999.80 

.4178 

197 

880.80 

886.66 

844.86 

1999.98 

.4196 

198 

880.79 

886.00 

844.06 

1980.06 

.4814 

190 

881.16 

886.44 

848.74 

1980.19 

.4931 

900 

881.67 

886.88 

848.48 

1980.81 

.4949 

901 

881.99 

887.89 

848.19 

1980.44 

.4966 

90« 

889.41 

887.76 

849.81 

1880.67 

.4988 

90S 

889.89 

888.19 

849.60 

1980.70 

.4800 

904 

883.94 

888.69 

849.90 

1980.89 

.4818 

905 

888.66 

889.05 

841.89 

1980.96 

.4886 

906 

884.06 

880.48 

841.60 

1981.07 

.4869 

907 

884.47 

880.9! 

841.99 

1981.90 

.4860 

906 

884.88 

890.88 

840.09 

1381.88 

.4886 

909 

885.98 

890.76 

840.89 

1981.46 

.4408 

910 

885.67 

801.17 

840.80 

1981.67 

.4491 

QUANTITIES  OF  HEAT  CONTAINED  IN  ONE  POUND  OF  WATER  AT  YARIOUS 
TEMPERATURES,    RECKONED  FROM  ZERO,   FAHRENHEIT. 

[From  Charles  T.  Porter^s  treatise  on  The  Richards'  Steam-Engine  Indicator.] 


Tempera- 
ture. 

Heat  con- 
tained above 
Zero. 

Tempera- 
ture. 

1 

Heat  con- 
tained above 
2^ro. 

Tempera- 
ture. 

Heat  con- 
tained above 
Zero. 

Falir.  Deg. 

B.T.U. 

Fahr.  Deg. 

B.T.U. 

Fahr.  Deg. 

B.T.U. 

35 

85.00 

165 

155.33 

275 

276.98 

40 

40.00 

IGO 

160.37 

280 

282.09 

45 

45.00 

165 

165.41 

285 

287.21 

50 

50.00 

170 

170.45 

290 

292.82 

55 

55.00 

175 

175.49 

295 

297.45 

60 

60.00 

180 

180.54 

800 

802.58 

05 

65.01 

185 

185.59 

805 

807. n 

70 

70  09 

190 

190  64 

310 

812.84 

75 

75.0-.2 

195 

195.69 

315 

317.98 

80 

80.08 

200 

200.75 

820 

828.13 

85 

85.04 

205 

205.81 

825 

328.28 

90 

90.05 

210 

210.87         ' 

330 

333.43 

95 

95.06 

215 

215.93 

335 

338.59 

100 

100.08 

220 

221.00 

840 

IM3.75 

105 

105.09 

225 

226.07 

345 

348.02 

110 

110.11 

230 

281.15 

3.50 

354.10 

115 

115.12 

235 

286.23 

355 

359.28 

1;» 

I'.'O.H 

240 

241.31         1 

360 

864.46 

1.25 

la.')  Itt 

245 

246.39 

365 

369.66 

ISO 

130.19 

250 

.251.48         1 

370 

374.84 

135 

135. 'Jl 

255 

256.57         1 

375 

880.04 

140 

140.24 

260 

261.67 

380 

385.24 

145 

145  27 

265 

266.77         1 

385 

890.45 

150 

150.80 

270 

271.87 

390 

896.67 
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Table  XIV. 

COMPOSITION   OF  VARIOUS  FUELS  OF  THE   UNITED   STATES. 


Mine  or  Name. 


Mount  Pleasant. 
Exeter  (Rice)  . . . 

Exeter 

Coxe^s  No.  I. 


No.  II  Forty-foot... 
York  Farm  (Bkwt). 

Jermyn ..... 

Cayufra 

Man Tille  Shalt  

Ayondale 

Oxford      

Continental 

Woodward'  , 


Cumberland. 

Eureka 

Antnm 


Long^  Valley. 
New  liiver  .. 
Pocahontas . . 
Cardiff 


Union 

New  Castle  (Lump). , 
Mt.  0]iTe  (Lump).  .. 

Big  Muddy.... 

Streator  (Lump) 

Gillespie 

I«add  (Lump)  .  .... 
Wilminf^ton  (Lump).. 

Indiana  Block 

New  Pittsburgh.  .... 
V'anderpoo!  (Lump).. 
Wills  Creek 

{;ickson  Hii! 
lockinff  VaKey 

Brier  Hi.l 

Weilsville 

Gosh  m 


liastinm 

Turt;c  Creek 

Youfj^hiogheny 

Trouer     

ReynoldsviJie 

Pittsburgh 

Summer  Hill  (Slack).. 

Monongabela   , 

Leisennng , 

Canne'l 

CooperstowQ 


Locality. 


Scranton.  Pa .  . . 
Pituton,  Pa 


Coal  as  Received. 


.1 


Scranton,  Pa..  Slate 

Scranton.  Pa 

Schuyikill  Co.,  Pa... 

PotUTiiie,  Pa .  

ScrantoQ,  Pa 


I. 

•4 
4i 
i. 

t4 


Maryland   .   . 
Pennsylvania 


Towanda.  Pa  . 
West  Virginia. 


Wales. 


Jerome  Park,  Colo. . 
New  Castle,  Coio.. . . 
Iliinois 


Streator,  HI 
riinois 


Wilmington.  Ill 

Brazil,  ind 

Indiana  Block  .. 
Kentucky  .     . 
Ohto 


Fixed 
C. 


Nebraska .. 

Monongahela  R.,  Pa. 
Pennsylvania     .   . . . 
ConneiisviMe.Pa.  . 
Pennsy'ivania 


Monongahela  R..  Pa. 
Connellsviile.  Pa . .  . 
Peyton.  W.  Va  . . .  . 
Nova  Scotia.  


Vol. 
Matter. 


80.54 
7<J.4» 

74  73 

87.96 
83.98 

75  '9 
81  68 

84.46 
85.70 
86.68 

91.45 
83.13 

79  23 


75  50 
70  47 
69  30 
67.3a 
71.90 
68.88 
67.45 


5a.86 
50.80 
44.10 

53  80 
44  30 
49  55 
43.45 
39.90 

58  70 

40  40 
^.6c 

46  f  5 
5«;..«> 

48  90 
56  30 

49.5s 

49  83 
60.88 

59  45 

54  00 

58  90 

59  04 

53  30 

CO  60 

58.61 
63.76 

41  ?7 

64  44 


7.54 
8.16 

5-71 

3.30 
4-99 
5-47 
5.78 
5  37 
5-95 
589 
5.03 

5.98 
3  73 


17.00 
33.86 
18  57 
95  01 
90.43 
91.81 
90.41 


36.70 
35.80 

33  «o 
30.70 

36  35 
.39-94 
32  30 
39.80 
30.60 
43.93 
34.10 
76.93 
30.79 
36  3c 
34.60 

?3  50 
-.8.03 

97  89 

34-33 

33.35 

98  97 

30.77 
34.60 
J3.00 
31.99 
28  71 
49  84 
30.49 


Ash. 

Water 

10.65 

I  97 

19.18 

•35 

18  90 

.66 

6.77 

9.97 

9  9» 

1.19 

18.43 

.81 

10.84 

1.70 

9.90 

97 

7  3» 

1.04 

6.T5 

1.98 

9.17 

»  35 

9  69 

I  97 

«3  7« 

3  33 

6  00 

I  50 

4.87 

.80 

10  90 

J. 93 

II  .19 

'•*! 

s.oo 

1. 18 

6.75 

9  56 

"  33 

.81 

B.T.U. 


12.307 
19,400 
11.360 

13.334 
13,903 

".430 
19,036 
19,994 

13.934 
i3-05« 
13.954 
19.943 
19,149 


B.T.U. 
per  lb. 
Comb. 


14  700 
14.19s 
13.528 
",965 
15.900 
14.580 
12.789 


» 3.973 
14  160 

14.199 

14760 

>4-503 
14.153 
13.760 
13.6S4 
14.190 

"4.095 
U.736 
»4.535 
14.64a 


15.900 
15.046 
»5.397 

14.845 
16  900 
16.070 
U.555 


a 


8 

JQ  O 

X  a 


a 


8.44 

9. 00 

13.650 

15*340 

10  90 

9.50 

11.900 

'3.75c 

14.70 

8.10 

10.600 

»3.730 

8.00 

tI-40 

7.50 

7-95 

12.400 
11.600 

14.675 
14,380 

11  74 

3.77 

10.506 

12.495 

13.95 

19.00 

10,900 

14.583 

II  80 

15.50 

10.200 

14.030 

11.00 
XI. 48 

9.70 
s  89 

ft. 30c 
11-546 

14950 
13.973 

7.. 10 
M  .63 
10  90 

4.00 

5  49 
9  88 

12. 800 

»7.o6o 

11  800 

>4-430 
14.550 
13.685 

8  -io 

6.50 

12.CIi 

14. ICO 

4.30 

4.80 

12.900 

14.900 

ic  50 

(5  51 

1.45 
5  93 

12.400 

ii.9t6 

14.930 
13.619 

11 .09 

91 

12.93c 

M.583 

4.99 

9  II 

14-150 

15.107 

12  50 
9  83 
9.16 

1  95 
3.00 
I  03 

12.900 

13.539 
14.143 

14.958 

14.386 

15.746 

9.70 

2.40 

19.400 

14.107 

l'3  40 
783 

3  00 
9.77. 

I -.1.750 

13  I2f 

15  350 
14.600 

6  10 

1.0^ 

15.00? 

16.311 

I '.16 

.48 

12.134 

>4.533 

4  03 

I. II 

15,966 

16.091 

a 

a 

9 
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Table   No.   XIW .—Continued, 
DRV   ANTHRACITE   COAL— AVERAGE   TABLE  OF   RESULTS.* 


MiDC 

LocUtr. 

1 

i 

1 
1 

W..BarTe.Pa.... 

SchuT.Co'.."Pa'.!' 
Scnotoo.Pa.... 

ds^'p?;;; 

it 

IV. 

if 

•.*4 
S-4> 

'  4» 
'■*» 

1  ;■ 

l.4li 

r.je 

"1^ 

ill 
P§ 

U.J*' 

"*J 

IJ.OJ 

te£r.;::::::: 

^^^tEE:.:. 

":» 

BB^-E}-. 

liT: 

MaDim«h(Biickwb'l)] 

■*■" 

BITUMINOUS  COAL— AVERAGE  TABLE  OF  RESULTS.* 


Mlm. 

LocaliLf. 

1 
= 

1 

1 

1 
a 
1 

F 

81 

1 

Gilleipie.  tit, 

Sugar  Creek,  III 

C1ean)e]i]  Co.,  Pa  .. 

!!.°.'^Xr."u''s''"- 

ConnelltTllle.  Pa.... 

SewRWer.  Va 

Nova  Scotia. 

36,28 

ii 

17. S, 

ii 

IS 

SI 

''S 

■jl4»4 

U.«9i 

').Sg7 
■4.<y> 

ii 

11. .8 

ill 

.5.67 
Ii:4 

IJ(tlePiTli.burg.Va. 

5s;sr" 

Turtle  Creek. 

o.]D 

•  From  experiments  made  by  Flory  and  Gilbert  at  Sibley  College,  Cornell 
University.  The  heai'Units  are  given  per  pound  o(  dry  coal.  Coal  in  ordi' 
nary  conditions  contains  Irom  3  10  10 percent  of  moisture,  and  ibe  results  must 
be  reduced  accordingly.  Seventy  per  cent  of  the  Uieor«ic«l  heating  value 
represents  tbe  average  results  obtained  in  practice. 
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Table   No.   yAV .—  Continued. 

ANALYSES  OF  ASH. 


e.'= 

Color 

S^ 

Alam 

KJ- 

Lime. 

»«■ 

— -siffl 

RciJdab 
BuS. 
Grmy. 

% 

*•?! 

I'.i' 

:n 

>!« 

o.a  --.. 

::;:::;|  I:? 

;:;:  jj;^ 

Table  No.  XV. 


v 


\ 


Co™.ioo  a, 

CoTRcllon  n 

'"'""■ 

+ 

046 

151 

047 

O.Oiq 

104 

"53 

S8.5 

048 

O.0S9 

106 

i56 

049 

0,050 

108 

1          *9.S 

050 

0.030 

051 

:64 

1         305 

05J 

0.031 

"3 

167 

"■" 

0.053 

0.033 

0.115 

0.170 

Table  .XVI. 


tHEORETICAL 

VELOCIT\ 

OF 

AIR. 

IN    FEET 

PER    SECOND. 

t 

DUE   TO 

NATURAL 

DRAFT. 

"?,ft' 

E»CMi  of  TuBpcTUure  in  Flue  ■■»«<  Rjwmil  .'iir. 

!• 

■o" 

u* 

-• 

«s- 

3»* 

j°- 

!«.' 

■s»* 

i 

■I 

i:i 

i:i 

]■] 

;:? 

i;i 

1:1 

i.t 

i:S 

M 

)■* 

*■> 

«:? 

V 

£:; 

i:i 

.?.! 

:s:; 

'.,:■ 

*.i 

i:i 

\\ 

n 

U.6 

■1:? 

il-i 

S:,' 

•!= 

U" 

"■' 

.9.1 

» 1 

».i  ^  v.. 

\  "-^ 

\     ^-^ 
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Table  No.  XVIL 
thermal  conductivities. 

PER  DBGRBB  DIFPBRBNCB  OF  TUB  SUBSTANCB. 


Snbstaoces. 


Copper 

Iron 

Zinc 

Lead 

Air, 

Oxygen, 
Nitrogen, 
Carbonic   oxide. 
Carbonic  acid . . . 

Hydrogen 

Glass 

Porphyritic  trachyte. 


• .  • . 


Marble 

Underground  strata 

Limestone , 

Sandstone  of  Craig 

leith  Quarry 
Trap-rock  of  Calton  Hill.. 
Sand  of  experimen 

tal  garden 

Water 

Fir  across  fibres  . . 


I 


(< 


along  fibres 

Walnut  across  fibres 

*'       along  fibres 

Oak  across  fibres 

Cork 

Hempen  cloth,  new 

••      old 

Writing  paper,  while 

Gray  paper,  unsized 

Calico,  new,  of  I 

all  densities     \ 

Wooi,  carded,  of  ?    , , . 

all  densities        J 

Finely  carded  cotton-wool 

Eider-down 

Indian  rubber 

Brick  dust 

Wood  ashes 

Coke 


Thickness, 

one  metre. 

Calories  per 

sq.  metre. 


326 

57.5 

56 

28 


0.0177 

0.0137 
0.0125 
0.82 
2.12 

3.13 

1.8 
1.82 

3.84 

1.5 
0.94 

0.72 
0.093 

0.169 
0.105 
0.173 
0.212 
0.105 
0.052 
0.043 
0.043 
0.0337 

0.05 

0.044 

0.04 

0.039 

0.17 

0.15 

0.06 


Thickness, 

one  foot. 

B.  T.  U.  per 

sq.ft.  pernr. 


4.96 


594 
104 
102 

50.5 

a  323 

0.0249 
0.0227 
1.49 
3.86 

5.67 
3.29 

3.31 
7.0 
2.73 
1.72 

1.82 
0.169 

0.308 
0.192 

0.315 
0.387 
0.192 
0.095 
0.078 
0.078 
0.0515 

0.91 

0.08 

0.073 
0.017 
0.308 
0.272 
0.109 
9.01 


Authority. 


Clausiiuand  Maxwell,  accord- 
ing to  kinetic  theory. 

Do.  do.  do. 

Do.  do.  do. 

P6clet. 

Aryton  &  Perry,  Phil.  Mag., 

1878,  first  half  year,  p.  241. 

P6clet. 
Forbes  and  Wm.  Thomsoa. 


Do. 
Do. 
Do. 


do. 
do. 
do. 


do. 

do. 
do. 


J.  P.  Bottomley. 

P6clet  in  Everett's  Units  and 

Physical  Constants. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 

do. 

do. 
do. 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 

do. 

do. 
do. 
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1 

J 

IN 

1 
1 

}-,5.»=S  3SlSS8|s!,-eHfiSiJ:«a 

fH 

1 

% 

It 

Is. 

•A 

il 

1 

J£'-»"' 

1 

?5lS.»Ji!r!,|E}«K»JSs5SfE?5?5 

\ 

t 

^ 

1 

i 

1 

S 

* 

, 

1 

1 

1 
1 

1 

u 

1 

i«5?;.-s=inrjh«5assSH.» 

1 

11 

1 
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13 
is 

"a 

1 
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L 

1 

J 
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'Table  No.  XIX. 


Weight  of  Watbk  pes  Cubic  Foot,  from  ja*  to   an"  F.,  and  Heat- 
units  PER  Pound.  Reckoned  Above  37*  F. 


is 

1=    1    -i 

-^^i 

i. 

>ji 

9 

^s 

s 

i 

pi 

1 

9 

III 

1^ 

1 

iii 

^ 

li 

iy 

1 

e 

H 

S 

a 

a 

s 

(^ 

% 

X 

i^: 

» 

X 

3> 

6>.4I 

0. 

78 

6i-'s 

46.D] 

"1 

61  6a 

~^r^ 

.68 

^g_ 

■36-44 

M 

«..4. 

J; 

i 

fa'^* 

48.^ 

'•J 

11.6? 

m!J 

.69 

6o!77 

138.it 

H 

«l.4l 

J; 

h 

6>!n 

«'04 

•mt 

t\l 

lu 

60  71 

-39.4* 

»3 

fil.Hl 

>"a 

6k6i> 

96  >s 

6d.7D   ..,.a 

% 

a.43 

G. 

t4 

61.14 

■  ig 

61  SB 

97.14 

J> 

6J.41 

J. 

Sj 

61.  >B 

SJ-OS 

Ijo 

«..S6 

«B..9 

Ig 

60.66 

6i.,> 

8. 

u 

61. IT 

6=64 

St 

fc,.6. 

B8 

6..IJ 

56:-.! 

ija 

So.  14 

■4!:^ 

« 

a>!*> 

;;; 

■a 

6>:li 

^:S 

lU 

ll:" 

!":» 

ii? 

6a  J7 
eo.si 

\S'^ 

*i 

M.o* 

,jl 

■49  5! 

4* 

61.41 

6.. IT 

Ss.ot 

g 

6[>!ss 

■  SO. (6 

s 

69.(1 

■J. 

fii.io 

«i.<>« 

>o6.>t 

>8, 

60.4a 

61.41 

16. 

(4.06 

■84 

60.46 

l|>.^ 

49 

61,41 

6..08 

6j,o; 

;!i 

60.44 

fl6 

6i.oj 

6|-J« 

■"9  as 

60.41 

6'. 41 

6..06 

6507 

IID.l6 

.87 

?8 

».o7 

*>.17 

1.6. h 

G>.40 

6j  t>a 

i8« 

60.34 

S< 

6..W 

68. oB 

MS 

19B 

603* 

liBio.' 

ss 

6>.19 

=3.<> 

69.08 

mS 

6a  iq 

159.  "^J 

5« 

«=■» 

.4.0 

7009 

fa.»J 

.60  M 

»J 

6..), 

,48 

6,.Ja 

^io 

61.97 

1.7  JO 

■'ftifq 

g 

S:^ 

U:l 

^ 

S..,6 

mIIo 

ISO 

el;!* 

iiB.jr 

3 

60.10 

Ul  '?'• 

«t 

^:J^ 

'^■° 

^' 

t'.'U 

'^  IT 

'■51 

ei.Ii 

'".» 

IS 

60!  Ii 
60., a 

\U'n 

6} 

61.36 

>M 

611.  >o 

"n  7» 

«4 

<"-3S 

«..e« 

Jb:I! 

jj 

6C.07 

■  M.7i 

*5 

&1.J1 

Ai.M 

6..0. 

60.05 

a 

«a.34 

So',, 

*z 

3S  " 

6..B; 

,^:ii 

»OJ 

60.™ 

6S 

^'33 

36  « 

6..  8] 

<    9 

59-97 

6J.33 

6=0S 

''H 

61  80 

&.9fi 

.ifl'.jfl 

»6 

■  7..i'3 

fa's. 

'7 

«,.,! 

Bs.<4 

"07 

59-80 

.7'  a. 

6».3= 

iS 

B6.>4 

IDS 

59.87 

■76. 9i 

S.1 

ta,ft. 

59  84 

177  B« 

16s        6»  S7 

59.81 

■  78  B7 

H 

^.•» 

s,;.. 

■M      *;  »s 

.ro-89 

76 

59-76 

,ec.w 

&..,6 

Weight  ok 

Water  at  Temperatures  Above  aia*  F. 

Potter  IHichards'  "  Slea 

n-entrine  Indioilot,"  p.  ;a)  uys  ilmi  notbinR  ii  knoim  about  Ih* 

flipan*iono[  waiei  abo»e  > 

1'  K.    Applying  (ormulz  derivtd  from  eiperiaienu  made  «t  (en- 

twntur«  below  ,.i'  F..  h. 

ircTcr.  the  weight  mil  rojume  above  ii>°  P  ■"■r  be  calcuUted. 

but  in  Ihe  absence  of  eipe 

imeatal  dau  we  are  not  ceiUin  U»t  Uie  lormul«  bold  good  at 
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III 

k   ^ 
h" 

5:1 

Jl 
p 

III 

3l 

III 

p 

11 

3*> 

39° 

53"«4 

X 

^:«s 

«" 

1 

» 


...».Bi         ja.Sj         S7.4a         SS-9*         54.3*        S'-TO        Ji.o.         47. 64 

Table  No.  XX. 

PRESSURE    OF    WATER    PER    SQUARE     [NCH     FOR     DIFFERENT 
HEIGHTS   IN    FEET." 

A[  te°  V.  >  loot  head  =  D.433  tb.  per  iqiure  inch,  -m  X  144  =  6i.jji  lb*,  per  cubic  (sol. 


Hod, 

' 

' 

* 

' 

' 

i.. 

J;l£ 

r^; 

;^ 

...6, 

:s! 

rj; 

..4« 

SS 

■  ~ 

,!K! 

,;■« 

M*'h 

;;S 

;a; 

.":Si; 

~l 

:■£ 

^;^^ 

SiS 

;;;3: 

:!:?:? 

aa 

^Jii 

s:s; 

*s 

2g 

Hi- 

3».W" 

y.". 

g;S 

i^:^ 

40- T= 

;:;g 

i 


PSEAD    IN    FEET    OF    WATER.    CORRESPONDING   TO   PRESSURES 
IN    POUNDS    PER  SQUARE    INCH. 
iqBsre  Inch  =  >.jd94i  led  head,  ■  aimiwpherc  =  14.7  Ibt.  per  iquire  inch  =:  jj.g; 


Press- 

^ 

^ 

ure. 

.m 

,«.™ 

6.4«a 

H-HI 

j; 

;sx! 

;sK 

!^a 

v-s:. 

l;!:!^ 

Sffl 

»«-«» 

9> 

-B 

;;!^-:x 

;^-^ 

::::;; 

ISO.. I 

;;;:!;  s:^ 

Ifiij; 

S:gd 

.19.38 

•.4.7« 

•■709 

~:S  iSi;3 

^^^ 

t 


I 
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Table  No.  XXL 

CONTENTS   IN  CUBIC  FEET  AND  U.   S.   GALLONS   OF  PIPES 
AND  CYLINDERS  OF  VARIOUS   DIAMETERS  AND 

I    FOOT   IN    LENGTH .♦ 

X  gallon  =  931  cubic  iDchet.    i  cubic  foot  =  7.4805  gmllout. 


a 

Fori  1 

Foot  in 

a 

For  I  Foot  in 

c 

Fori 

Foot  in 

*4 
La     _i 

Length. 

Length. 

•■ 

^ 

Length. 

r 

^1 

ll 

Cu.  Ft., 

U.S. 

11 

Cu.  Ft,       U.  S. 

Cu.  Ft., 

U.S. 

also  Area 

Gals.,  a3i 

mmm 

Q 

also  Area  Gals.,  a3i 

also  Area 

Gals.,  331 

in  Sq.  Ft. 

Cu.  In. 

in  Sq.  Ft. 

Cn.  In. 

in  Sq.  Ft. 

Cu.  In. 

A 

.0003 

.0035 

^ 

.2485 

1.859 

'^w 

1.969 

14.73 

.000$ 

.004 

7,^ 

.a673 

«-999 

I^ 

a. 074 

«S.5« 

1 

.0008 

.0057 

7M 

.a867 

a.  145 

ao 

a.  18a 

16.3a 

A 

.001 

•0078 

7)% 

.3068 

a.a95 

«oH 

a. 392 

17.15 

* 

.0014 

.ozoa 

m 

.3376 

a. 45 

ax 

a.405 

17.99 

A 

.00x7 

.0129 

8 

•3491 

a. 611 

"H 

a.5ai 

18.86 

X 

.009X 

.oi5<J 

8^ 

.371a 

a.  777 

aa 

a. 640 

»9.75 

A 

.0026 

.0193 

8Vfe 

•3941 

a. 948 

aaH 

a. 761 

30.66 

& 

.0031 

•0930 

894 

.4176 

3.125 

23 

a. 885 

31    58 

.0036 

.oa69 

9 

.4418 

3-305 

>3H 

3.01a 

33.53 

» 

.004a 

;o3ia 

9U 

.4667 

3.491 

•4 

3.  Ma 

23.50 

ii 

.0048 

•0359 

9V2 

.49aa 

3.68a 

as 

3.40Q 

35.50 

in 

.0055 
.0085 

.0408 
.0638 

zo 

•5185 
.5454 

3.879 
4.08 

a6 
"7 

3.687 
3.976 

37.58 

29-74 

.0133 

.0918 

«oJ4 

•5730 

4.a86 

aS 

4.376 

3«.99 

«« 

.0167 
.oai8 

"49 

:^ 

.6013 

4498 

«9 

4.587 

34.3» 

a 

.1633 

.6303 

4-7»5 

30 

4.909 

36.7a 

3^4 

.0276 

.ao66 

XI 

.66 

4  937 

3« 

5.a4i 

39. 2i 

aV2 

.0341 

.2550 

"^ 

•6903 

5.164 

3a 

5.585 

41.78 

a« 

.041a 

.3085 

•7a>3 

5-396 

33 

5.940 

44-43 

3 

.0401 

.367a 

»« 

.7530 

5.633 

34 

6.30s 

47.16 

.0576 

.4309 

la 

.7854 

5.875 

35 

6.681 

49.98 

3I2 

.0668 

.4998 

"H 

.8522 

6.375 

36 

7.069 

52.88 

374 

.0767 

•5738 

*3., 

.9218 

6.895 

37 

7.467 

55.86 
58.92 

4 

.0873 

.6528 

i3Vi 

•994 

7.436 

38 

7.876 

4H 

.0985 

•7369 

>4,^ 

X.069 

7  997 

39 

8.996 

62  06 

4^ 

.«>34 

■  8263 

I4H 

1. 147 

8.578 

40 

8.727 

65.28 
68.58 

49« 

.1231 

.9206 

>5.^ 

1.227 

9-180 

41 

9.168 

5 

.«364 

1.020 

isH 

1.3:0 

9.801 

4a 

9.621 

71-97 

5M 

■  1503 

X.125 

x6 

».396 

10.44 

43 

10.085 

75.44 

sH 

.1650 

I  234 

I6^ 

1.485 

II. 11 

44 

J0.559 

78.99 

5^ 

.1803 

1-349 

'7.. 

1.576 

XI. 79 

45 

XI. 045 

82.62 

6 

.1963 

1.469 

17^ 

1.670 

ia.49 

46 

".541 

86.33 

'^ 

.7131 

1-594 

18 

x.768 

13.23 

47 

13.048 

9013 

.3304 

1.724 

>8H 

1.B67- 

13.96 

48 

13. 566 

94.00 

To  find  the  capacity  of  pi(>e9  greater  than  the  largest  given  in  the  table  look  in  the  table 
for  a  pipe  of  one  half  the  ^j^iven  size,  and  multiply  its  capacity  by  4;  or  one  of  one  third  its 
size,  and  multiply  its  capacity  by  9,  etc. 

To  find  the  7veight  of  water  in  any  of  the  given  sizes  multiply  the  capacity  in  cubic  feet  by 
62^  or  the  gallons  by  8^,  or,  if  a  closer  approximation  is  required,  by  the  weight  of  a  cubic 
foot  of  water  at  the  actual  temperature  in  the  pipe. 

Given  the  dimensions  of  a  cylinder  in  inches  to  find  its  capacityin  U.  S.  gallons  :  square 
the  diameter,  multiply  by  the  length  and  by  .0034.  \i  d  =■  diam.  /  =b  length,  gallons  = 
^X.7854X/^^^^,^ 

23» 
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Table  No.  XXII. 


I 


EQUALIZATION  OF  PIPE 

AREAS* 

Nil'  iKi  o(  inuU  pipM  required  lo  n^ke  area  iiiuiTaleol  lo  ope  Utger  pipe,  with 

el  Pipe, 

« 

^ 
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Table  XXVI. 

VOLUME  OF  AIR  DISCHARGED  AT  VARIOUS  PRESSURES 
THROUGH  PIPE  ONE  FOOT  IN  DIAMETER.  100  FEET 
LONG,    AT    60'  F. 


Difference  of  Pretture. 

Velocity  in  Feet  per  Second. 

Inches  of  Water. 

Ounces  per  Square 
Inch. 

Bv  Unwinds  Formula. 
Pipe  I  Ft.  in  Diam., 

By  Approximate 
Formula. 

zoo  Ft.  long. 

r  =  .7  ^i^k* 

O.OI 

0.006 

4.3 

4.6 

0.05 

0.030 

9.6 

9-5 

O.I 

0.058 

14.5 

14.5 

0.2 

O.116 

19.4 

20.5 

0.3 

0.174 

23.6 

25.1 

0.4 

0.232 

27.4 

29.1 

0.5 

0.289 

30.5 

32.5 

0.6 

0.347 

340 

35.2 

0.7 

0.405 

36.0 

38.3 

0.8 

0.463 

39.2 

40.7 

0.9 

0.512 

41.0 

43.7 

I.O 

0.579 

430 

45.7 

2.0 

1. 158 

61. 1 

65.2 

3.0 

1.303 

78.0 

78.2 

4.0 

2.316 

85.3 

91. 1 

5.0 

2.895 

86.2 

103.3 

6.0 

3-474 

104.0 

II3-3 

7.0 

4- 053 

114. 0 

122. 1 

8.0 

4.622 

121. 0 

130.6 

9.0 

5.221 

128.0 

138.8 

10. 0 

5.790 

136.0 

145.7 

II. 0 

6.369 

142.0 

153.0 

12.0 

6.948 

148.0 

159-6 

For  pipes  of  different  diameters,  d\  and  lengths,  /,  multiply  results  in 

I'd** 
the  above  table  by  A/  — y-. 


For  different  temperatures,  /,  multiply  results  in  table  by  k/^ — ^^« 
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Table  No.  XXVII. 


TEMPERATURES  OF  VARIOUS   LOCALITIES. 

Compiled  from  Observations  of  the  Signal  Service,  U.  S.  A.,  and 
Blodgett's  "Climatology  of  the  United  States.' 


»• 


NoTB.— In  the  United  States  the  comfortable  temperature  of  the  air  in  occupied  rooms  it 
generally  70  degrees  when  walls  have  the  same  temperature. 


Sution. 


No.  of 
months  fire 
is  required. 


Albany,  N.  Y 

Baltinaore,  Md 

Boston,  Mass »... 

Buffalo,  N.  Y... •••••.... 

Burlington,  Vt 

Chicago,  111 

Charleston,  S.  C 

Cincinnati,  O 

Cleveland,  O 

Detroit,  Mich 

Duluth,  Minn  

Indianapolis,  Ind 

Key  West,  Fla 

Leavenworth,  Kan 

Louisville,  Ky 

Memphis,  Tenn 

Milwaukee,  Wis 

New  Orleans,  La 

New  York,  N.  Y 

Philadelphia.  Pa 

Pittsburg,  Pa 

Portland,  Me 

Portlpnd,  Ore 

San  Francisco,  Cal 

St.  Louis,  Mo 

St.  Paul,  Minn 

Washington,  D.  C 

WilfDingion,  N.  C | 


7 
6 

7 
8 

7 

7 

3 

7 

7 

7 
8 

7 
o 
6 
6 

5 

8 

o 

7 

7 

7 
8 

6 

4 
5 
7 
5 

4 


Mean  temp. 

of  cold 

months. 


35 
39 
37 
35 
32 
35 
52 

43 

38 

35 

38 

41 
o 

37 
42 
39 
37 
o 
40 
40 

39 
33 
43 
53 
37 
25 
40 
50 


Av.  No.  ofl 
deg.  temp, 
to  be  raised. 


35 
31 
33 
35 
38 

35 
18 

28 
32 
35 
42 
29 
o 

33 
28 

31 

33 
o 

30 
30 
31 
37 
27 
17 
33 
45 
30 
20 


Max.  No. 

deg.  temp, 
to  be  raised. 


87 
72 
81 

83 
90 
90 

47 

77 

83 

90 
108 

88 

26 

90 
80 
68 

95 
44 
76 

75 
83 

83 
67 

34 

86 

102 

73 
55 


Minimum 
tempera- 
ture F". 


-17 

—  2 

—  II 

-13 

—  20 

—  20 

+  23 

—  7 

—  13 

—  20 

-38 
-18 

+  44 

—  20 

—  10 

+  2 
-25 
+  26 

—  6 

—  5 

—  12 

—  12 

4-  3 
+  36 
-16 

-32 

3 

15 
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PlOB 

Absolute  Zero 6 

Air,  Amount  for  Ventilation 31,  35 

Air,  Analysis  of 27 

Air  and  Gases,  Flow  of 47 

Air,  Bacteria  in 23 

Air,  Changes  per  Hour 72 

Air  Circulation,  Furnace  Heating 311 

Air,  Cost  of  Moistening 459 

Air  Delivered  by  Pipes 386 

Air,  Dimensions  of  Pipe  Lines  for 346 

Air  Discharged  from  Fan 362 

Air,  Distribution  of 55 

Air,  Dry,  Advantage  of 458 

Air,  Eflfect  of  Heat  on 38,  51 

Air-ftlter 388 

Air-filtration,  Importance  of 457 

Air-filtration,  Surface  Required  for 458 

Air-fiues,  Indirect  Heating 279 

Air,  for  Various  Standards  of  Purity,  Tables 35,  36 

Air,  Force  Required  for  Moving 38 

Air,  Humidity 458 

Air,  Impurities  in •  23 

Air-inlet,  Location  for 56 

Air,  Introduction  into  Rooms,  Experiments 56 

Air,  Introduction  of,  into  Rooms 373 

Air-leakage,  Rapidity  of 454 

Air,  Measurement  of  Velocity 40 

Air,  Moisture  Absorbed  by 523 

Air-outlet,  Location  for 58 

Air,  Properties  of 521 

Air,  Relation  between  Force  and  Velocity 55 

Air  Required,  Mechanical  Ventilation 391 

Air-space  in  Grate 1^3 

Air  Supplied  a  Room,  Measurement  of 373 

543 
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run 

Air-supply  for  Furnace S17 

Air-supply  for  Rooms  Not  Frequently  Occupied 446 

Air-supply  for  Schoolroom 433 

Air-supply,  Limitations 432 

Air,  Theoretical  Work  of  Moving 343 

Air  Thermometer,  Constant  for 11 

Air  Thermometers 10 

Air-trap   210 

Air-valve,  Automatic 134 

Air-valve   132 

Air-valve,  Thermostatic 290 

Air-valve,  Morgan 295 

Air,  Velocity  by  Computation 43 

Air,  Velocity  due  to  Natural  Draft 531 

Air,  Velocity  in  Pipe,  Ledoux'  Formula 50 

Air,  Velocity  in  Pipe,  Unwinds  Formula 49 

Air,  Velocity  of  Entering 56 

Air  Velocity  on  Different  Floors 00 

Air,  Velocity  through  Heating 52 

Air  Warming,  Fuel  Consumption 443 

Air,  Work  of  Moving  through  Pipes 345 

Air,  Work  in  Heating 53 

Allowance  for  Gas-burners  in  Ventilation 36 

Analysis  of  Air. 27 

Anemometer,  Calibration  of 43 

Anemometer,  Description  of 40 

Angle    Valve 130 

Architect,  Duty  of 487 

Area  Cold-air  Duct 247 

Area  of  Flue  for  Given  Amount  of  Heat,  Table 265 

Area  of  Grate 280 

Area  Hot-air  Duct,  Indirect  Heating 247 

Area  of  Pipe,  Steam  Heating 222 

Area   Smoke    Flue 280 

Area  of  Steam  Main 253 

Areas  of  Registers,   Tables 320,  322 

Areas  of  Stacks ^. 321 

Artron    23,  27 

Artificial  Heat,  Demand  for 1 

Artificial  Heat,  Necessity  for 1 

Asli,   Analysis   of 531 

Atmosphere,  Composition  and  Pressure  of 21 

Atniospliere,  Weight  of 22 

Attendance,  Skilled,  Required  in  Heating  and  Ventilating  Plant 444 

Hack-pressure  Valve 282,  288 

Jiacteria   in   Air 23 


Balh-Toonis,  VeatiUtiMi  of 448 

Blowers  or  Fans  in  Mechaiiical  V«Dt)Utiou 388,  392 

Blowen,  Volume  or  Foutive 341 

Blow-off  Cocks  or  Valves 187 

Boilers,  Aitual  Power 153 

Boiler   Ufllnoek  ft  Wilcox 163 

Uoilere,  Care  o( 109 

Boiler,  ConiputstioD  of  He«tiDg  8urbc« SSO 

Boiln  Construetitm 100 

Biriler,  I>imetisi<Nis,  Tsble Ifll 

Boiler  Domes 161 

Boiler  £x[rioeioiia 801 

Boiler  ExplcaioDS,  PrereuUon  of &D0 

Boilers,  Fire-tube 158 

Boiler   FoundBtions 175 

Boiler,   HsrrisoD 163 

Boilers,   UeatiDg,   Classilicatioii 160 

Boiler,   Heine 163 

Boiler,  Hc^n 163 

Boiler,  BorizonUI  TubuUr 160,  168 

Boiler,    Horse-power 152 

Boiler,    House-heating 164 

Boilers,  Locomotive  and  Marine 161 

Boiler.  Plain  Surface 166 

Boiler  Power.  Schoolroom  Veotilation 438 

Boiler  Proportions,  Table 166 

Boiler,  Rating  of 153 

Boiler,  Root 163 

Boiler,   SectioDal 170,  171 

Boiler,  Setting  for 173 

Boiler,  Size  in  Mectianieal  Ventilation.  .390,  392 

Boiler  Specidcationa 480 

Boilers,  Steam,  General  Requisites...  .151,  157 

Boiler,  Stirling 1G3 

Boilers,  Stored  Enorpy  in.  Table 203 

Blower  Systems  of  Heating,  Tests  and  Tables lOT,  108,  109,  110 

Boilers,  Vertical 1C2 

Boilers,  Water-tube 168,  163,  1G8 

Books,  List  of,  on  Heating  and  Ventilating 493 

Bourdon  Gauge 184 

Box    Coil 139 

Branch   Pipes,   Areas   of 380 

Branch  Teee. 120 

Breeching.    175 

Brick  Setting  for  Furnace 331 

British  and  Metric  Systems,  Equivalent  Values 001 

Bucket  Trap 195 
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Buckle's  Proportions  for  Centrifugal  Ventilators 334 

Calibration  of  Anemometer 43 

Capacity  and  Power  of  Fans 360 

Capacity  of  Rectangular  Pipes 349 

Capacity,  Practical  Rule  for  Fan 304 

Capell  Fan,  Description  of 339 

Carbocidomeler,  of  Wolpert 29,  30 

Carbonic  Acid,  Amount  in  Air 21,  25,  20 

Carbonic  Acid,  Methods  of  Determining 28,  20,  30,  31,  32 

Carbonic   Oxide 20 

Carpenter,  R.  C,  Tests  of  Radiating  Surfaces 98,  99,  104 

Carpenter's  Theory  of  Centrifugal  Ventilators 356 

Casing  for  Indirect  Heaters 147 

Casings  for  Fans 336 

Cast-iron  Pipes  and  Fittings 1 17 

Ceiling  and  Floor  Plates 128 

Centigrade  Thermometer 8 

Centrifugal  Ventilators,  Author's  Theory 356 

Centrifugal  Ventilators,  Description  of 334 

Centrifugal  Ventilator,  Murgue's  Theory  of 349 

C.  G.  S.  System 5 

Changes  of  Air  per  Hour 72 

Check  Valve 132 

Chimney,  Guibal 337 

Chimnev,  Guibal,  Effect  of 352 

Chimney  Dimensions,  Table 192 

Chimnev,  Form  of 190 

Chimnev,  Size  of 191 

Chimney  Tops 192 

Circles,  Squares,  and  Cubes,  Tables 503 

Circulation  Affecting  Heat  Transmission 87 

Circulation  in  Gravitv  Systems 249 

V  ft' 

Circulation  iu  Hot-water  Pipes 250 

Circumference  and  Area  of  Circles,  Table 510 

Class-rooms,  Ventilation  of 4-48 

Coal  per  Square  Foot  of  Grate 154 

Coat-rooms,  Ventilation  of 448 

Cocks   131 

Cmks,    iJlow-off 187 

Cocks.  Try 182 

( 'oefficient  of  Heat  Conduction,  Defined 18 

Coil   Connections 138 

Cold-air   Box 317 

Cold-air  Duct,  Area. 247,  385 

Combination    Heaters 323 

Combination  Systems  of  Heating 218 
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Combustion  of  Fuel,  Efficiency 315 

Complete  Circuit  System  of  Piping 210 

Condenser,  Siphon 286 

Conducting  Pokier  for  Heat,  Table 18 

Conduction  of  Heat 18.  78 

Conductivities,  Thermal : 532 

Conduits,   Horizontal 395 

Cone  Blower,  Description  of 341 

Constant  for  Air  Thermometer 11 

Contents  of  Pipe  in  Gallons  and  Cubic  Feet 536 

Convection,  Heat  Removed  by 83 

Convection  Loss  from  Different  Bodies 85 

Convection  of  Heat 19 

Cooling  of  Rooms 405 

Comer  Coil 138 

Comer  Valve 131 

Corridors,  Ventilation  of 447 

Cost  of  Construction,  Methods  of  Estimating 487 

Cost  of  Electric  Heating,  Computations 407 

Cost  of  Electric  Heating,  Table 400 

Cost  of  Mechanical  Ventilation 442 

Cost  of  Moistening  Air 459 

Cost  of  Ventilation 436 

Coupling,  Reducing 122 

Coupling,  Right-  and  Left-hand 123 

Coupling,  Wrought-iron  Pipe 122 

Cross  Valve 131 

Cubic  Space  and  Changes  of  Air,  Table 02 

Damper  Regulator,  Connection  for 177 

Damper  Regulators 186,  418,  420 

Dampers,  Volume  or  Regulating 381 

Diaphragm   Gauge 185 

Diaphragm  Valve 425 

Diathermancy,  Defined 16 

Diathermanous  Values,  Tables 17 

Diffusion  of  Gases 24 

Diffusion  of  Heat 17 

Direct  Hot- water  Heating  Surface,  Space  Heated  by 239 

Direct-Indirect  Radiators 146 

Direct  Steam-heating  Surface,  Space  Heated  by 238 

Direct  Radiation 80,  86 

Disc  and  Propeller  Fans,  General  Formulae  for 372 

Distributing   Pipe 208 

Double  Sashing,  Effect  of 453 

Double  Windows 453 

Draughtiness  432 


r 
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Draughtiness  in  Outflowing  Currents 435 

Draughtiness,  Means  for  Reducing 433 

Drip-pipe    209 

Drop  Tube 170 

Dry  Air,  Advantage  of 458 

Ducts  for  Air  Supply  and  Ventilation 264 

Ducts  or  Flues,  Dimensions 384 

Economizer 293 

Economy  in  Heating  Systems 312 

Efficiency  of  Combustion 315 

Efficiency  of  Fan 344 

Efficiency  of  Indirect  Radiators,  Tables 114 

Efficiency,  Relative,  of  Fans  or  Blowers 368,  371 

Efficiency,  Relative,  of  Heated  Flues 368,  371 

Elbows  and  Bends 118,  124 

Electric  Heater  Connections 415 

Electric  Heaters,  Construction  of 412 

Electric  Heating,  Cost  of 407 

Electric  Heating,  Diagram 412 

Electric  Heating,  Formulee  and  General  Considerations 410 

Electric  Heating,  Principle  of 411 

Electrical   Units,  Relation  to  Heat 4 

Emission  of  Radiant  Heat 16 

E(|ualizing  Pipe  Diametei's,  Table 387 

Equalizing  Valve 198 

»]ualization  of  Pipe  Areas,  Table 537 

Equivalent  Glass  Surface 314 

E(|uivalent  Orifice,  for  Fan 349 

Evans  A-   Alniirall>  Hoating  System 292 

Exhaust  Fan ". . . .  335 

Exhaust   Steam-heating 281 

Exhau.st  Steain-hcating,  Paul  System 290 

Exhaust  Steam-heating,  Webster  System 288 

Exliaust  Steam-heating,  Williams'  System 287 

Flxliauster,   Paul   Svstem 290 

Txpaiision  Joints 136 

Kxpansion  of  TMpe 136 

Ivxpansion    Plato 128 

Expansir)ii  Tank 188 

Kxj)aii'iion   Trap 190 

Kxt«'Ti(l(Ml   Surface   Ileator 166 

Kxton(le<I   Surface  Radi'ator 142 

Factory  Heating 277 

Falircnlieit  Thermometer 7 

Fan  and  Heating  Surface,  Arrangement  of 379 
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Fan  Capacity 394 

Fan,  Capell,  Description  of 339 

Fan  Casings 336 

Fan  Dimensions 394 

Fan  EflSciency 344 

Fan,  Maximum  Pressure  Produced  by 359 

Fan,  Practical  Rule  for  Capacity 364 

Fan,  Rankine,  Description  of 340 

Fan,  Rule  for  Power 365 

Fan,  Theoretical  Horse-power  of 344 

Fan,  Work  Required  to  Run 363 

Fan  Theory,  Application  of 364 

Fans,  Disc  or  Propeller,  General  Formulae  for 372 

Fans,  Propeller  or  Disc 341 

Fans,  Capacity  and  Power  of 366 

Fans  or  Blowers,  Relative  Efficiency  <rf 368,  371 

Field  Tube 169 

Filtration  of  Air,  Importance  of 457 

Filtration  of  Air,  Surface  Required  for 458 

Fire  Protection 484 

Fire-tube  Boiler 157 

Fittings,  Cast-iron 122 

Fittings,  Malleable  Iron 122 

Flange  Unions 124 

Float-trap  194 

Flow  of  Air  and  Gases 47 

Flow  of  Air  through  Orifiee,  Unwin's  Formula 47 

Flow  of  Air  through  Orifice,  Weisbach*s  Formula 47 

Flow  of  Steam  through  Pipes 51 

Flow^  of  Water  and  Steam 247 

Flow  of  Water  through  Pipes 51 

Flue  Area  for  Given  Amount  of  Heat,  Table 265 

Flue  Radiators 142 

Flues,  Heated,  Relative  Efficiency  of 368,  371 

Flues,  Hot-air,  Table 270 

Flues  and  Registers,  Dimensions  of 62 

Flues,  Ventilating,  Table 270 

Foot-pound,   Defined 3 

Friction,  Allowance  for,  in  Case  of  Bends  and  Elbows 248 

Fuel  Consumption,  Air  Warming 443 

Fuel  Saved  by  Double  Glazing 453 

Fuels,  Composition  of 529,  530 

Furnace    310,  312 

Furnace  Heating,  Computations  for 315 

Furnace  Heating,  Proportions  for 312,  317,  328,  329 

Furnace  Heating,  Rules  for 330 

Furnace  Heating,  Specifications 330 
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Furnace  Operation 324 

Furnaces,  Practical  Arrangement 324 

Gas-burners,  Allowance  for,  in  Ventilation 30 

Oases,  Diffusion  of 24 

Gases,  Properties  of 5()2 

Gate-valve   12S 

Gauge,  Diaphragm 185 

f  Gauge,  Bourdon 184 

Glazing,  Double,  Effect  of 453 

Globe  Valve 1*28 

Governor  for  Pump 208 

Grate  Area 280 

Grates   193 

Gravity  Circulating  System,  Steam-heating 208 

Gravity  Systems,  Cause  of  Circulation  in 249 

Gravity  Ventilation 440 

Greenhouse  Heating 268 

Guibal  Chimney 337 

Guibal  Chimney,  Effect  of 352 

Guibal  Fan  and  Chimney,  Modified  Form,  Description  of 338 

Quibal  Fan,  Description  of 337 

Head  of  Water  Corresponding  to  Various  Pressures 535 

Head,  Loss  of,  in  Pipes 345 

Heat  Absorbed  by  Heating  Surfaces 154 

Heat,  Conduction  of 18,  78 

Heat  Contained  in  Water  at  Various  Temperatures 528 

Heat,  Convection  of 19 

Heat,  Diffusion  of 17 

Heat  Emitted  by  Radiation 82 

Heat  from  Radiating  Surfaces,  Diagram 234 

Heat,  Intensity  of 3 

Heat,  Its  Effect  on  Air 38,  51 

Heat,  Latent lol 

Heat,  Latent,  Defined 15 

Heat  Loss   from   Huildings 04 

Heat  Loss  from   Pipes 305 

Heat  Loss  from  Pipes,  Protection  Against 228 

Heat  Loss  in  Underground  Pipes,  Tests 307 

Heat  Loss  through  Walls 06,  67 

Heat,  Nature  of 2 

Heat  Loss  froni  Windows , 65 

Heat,  Quantity  of 3 

Heat,  Radiant,   Defined 15 

Heat,  Relation  to  Electrical  Units 4 

Heat,  Relation  to  Mechanical  Work 4 
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Heat  Removed  by  Convection 83 

Heat  Required  for  Ventilation 69 

Heat  Required  for  Warming 232 

Heat,  Saved  by  Double  Glazing 453 

Heat,  Solar,  Effect  of 451 

Heat,  Specific,  Definition  of 14 

Heat,  Total,  by  Radiation  and  Convection 84 

Heat,  Total,  in  a  Body 14 

Heat  Transmission  Affected  by  Circulation 87 

Heat  Transmission  through  Glass C6,  77 

Heat  Transmitted  in  Blower  Systems,  General  Equations Ill 

Heat  Unit,  British  Thermal  Unit 4 

Heat  Unit,  Calorie 4 

Heat  Units  from  Different  Surfaces,  Direct  Radiation 86 

Heat  Waste  at  Night 454 

Heat  Wasted 450 

Heated  Flues,  Relative  Efficiency  of 368,  371 

Heaters,  Care  of 201 

Heaters,  Combination 323 

Heaters,  Electric,  Construction  of 412 

Heater,  Extended  Surface 166 

Heater,  Vertical  Magazine 165 

Heaters,  Hot-water 165 

Heaters,  Indirect 146 

Heating  and  Grate  Surface,  Relative  Proportions 153 

Heating  and  Ventilating  Systems,  Methods  of  Installation 378 

Heating  Apparatus,  Magnitude  of  Industry  of  Manufacture 1 

Heating  Boiler  for  Soft  Coal .172 

Heating  Boilers 159 

Heating  Boilers  with  Magazine 171 

Heating  Boilers,  Setting  for 177 

Heating  by  Contact,  Convection 19 

Heating  by  Exhaust  Steam 281 

Heat  ing.  Combination  Systems 218 

Heating,  Hermetic,  Johnson  System 296 

Heating,  Hot-blast  System 391 

Heating,  Mechanical   Systems 377 

Heating  of  Greenhouses 268 

Heating   Surface 151 

Heating  Surface,  Form  of 382 

Heating  Surface  in  Boiler 280 

Heating  Surface  Required  in  Mechanical  Ventilation 389,  391 

Heating  System,  Evans  &  Almirall 292 

Heating  System,  Morgan 295 

Heating  System,  Osborne 294 

Heating  System,  Van  Auken 296 

Heating  System,  Yarian 294 
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Heating  SyBtems,  Combined  High  and  L.ow  PresBure 297 

Heating  Systems,  Comparison 231 

Heating,  Tests  of  Blower  Systems fOT 

Heating  with  E3ectricity 407 

Heating  with  Elxhaust  Steam  under  Vacuum 285 

Heating  with  Hot  Air 310,  314 

Heating  with  Refrigerating  Machines 405 

Heating  with  Stoves  and  Fire-places 323 

Heating,  Workshops  and  Factories 277 

Hermetic  Heating,  Johnson  System 290 

High-pressure  System,  Steam-heating 208 

Horizontal  Tubular  Boiler 160 

Horse-power  5 

Horse-power   Boiler 152 

Horse-power  Lost  in  Friction  in  Pipes 537 

Horse-power  Required  to  Move  Air 53H 

Horse-power,  Theoretical,  of  Fans 344 

Hot-air  Circulating  System 292,  3'>2 

Hot-air  Duct,  Area  in  Indirect  Heating ' 247 

Hot-air  Flues,  Table 270 

Hot-air  Heating 310,  314 

Hot-  and  Cold-air  Ducts,  Relative  Areas 385 

Hot-water  Damper  Regulator,  Lawler 418 

Hot- water  Heaters 1<>5 

Hot-water  Heatei*9,  Explosion  of 20<> 

Hot-water  Heating,  Connections  to  Mains 224 

Hot-water  Heating,  Direct,  Proportion  of  Parts.  Table 20*» 

Hot- water  Heating,  Greenhouses 273 

Hot- water  Heating,  Indirect,  Proportion  of  Parts,  Table 2<Ji> 

Hot-water  Heating  Main,  Direct  Radiation 20:^ 

Hot-water  Heating,  Perkins*  System 189,  21 1 

Hot- water  Heating,  Pipe  Connections 223 

Hot-water    Heating,  Pressure  System 189 

Hot- water  Heating,  Return  Pipe 204 

Hot- water  Heating,  Rule  for  Size  of  Pipe 204 

Hot- water  Heating  Systems,  Summary  of  Methods  for  Design 27S 

Hot-water  Pipes,  Circulation  in : 250 

Hot-waU^r  Radiator 142 

Hot-water  Radiators,  Size  of  Pipe  for 2()0 

House-heating    Boiler 154 

House-heating  Boilers,  Tests  of l.V> 

Howard  Hcgulator 421 

Huniiditv  of  Air 4.")S 

Huniiditv  of  Air,  Determination  of 32 

Humidity  of  Air,  Intluenee  on  Ventilation 34 

Humidity  of  Air,  Table 33 

Impurities  in  Air 23 


INDEX,  553 

PACK 

Indirect  Heater  Piping 220 

Indirect  Heaters 140 

Indirect  Heating  Surface,  Main  and  Return  Pipes  for 200 

Indirect  Heating,  Surface  Required 239 

Indirect  Heating  Surface,  Tests  of 103 

Indirect  Hot-water  Heating  Surface,  Space  Heated  by 245 

Indirect  Radiation 80,  83 

Indirect  Radiators,  Efficiency,  Tables 1 14 

Indirect  Steam-heating  Surface,  Space  Heated  by 244 

Influence  of  Thickness  of  I^iaterial  on  Heat  Transmission 81 

Inlet  Opening  to  Fan 336 

Inlets,  Location  of 454 

Introduction  of  Air  into  Rooms 373 

Introduction  of  Air  into  Rooms,  Experiments 50 

Introduction  of  Air,  Mechanical  Ventilation 306 

Johnson  System  of  Hermetic  Heating 206 

Joule 4 

Kent's  Formula,  Size  of  Chimney 191 

Kinealy,  Prof.  J.  H.,  Radiator  Tests 1 13 

Lap  Welding  Process 119 

Latent  Heat,  Defined 15 

Lavatory,  Ventilation  of 448 

Leader  Pipes 318 

Leakage  of  Air,  Rapidity  of 454 

Ledoux's  Formula  for  Velocity  of  Air  in  Pipes 50 

Local  Ventilation 456 

Location  of  Inlets 454 

Location  of  Outlets 456 

Locomotive  and  Marine  Boilers 161 

Lock-nut  and  Nipple 124 

Logarithmic  Tables 517 

Long-distance  Transmission  of  Steam 302 

Loss  in  Transmitting  Power 306 

Loss  of  EfTecUve  Surface,  Radiant  Heat 86 

Loss  of  Head  in  Pipe 345 

Loss  of  Head  or  Pressure 48 

Loss  of  Heat  from  Pipes 305 

!Main  and  Return  Pipes  for  Indirect  Heating  Surface 260 

Main  Connections,  Hot-water  Heating 224 

Main  Flow-pipe,  Steam-heating 208 

Main  Pipe,  Steam-heating 208 

Manifold  Coil 137 

Manometer    183 
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Manometer,  Description  of 41 

Marine  and  Locomotive  Boilers 161 

Maximum  and  Minimum  Thermometers 12 

Maximum  Velocity  of  Air,  Mechanical  Ventilation 395 

Measurement  of  Air  Supplied  in  Room 373 

Measurement  of  Radiating  Surface 93 

Mechanical  Systems  of  Heating  and  Ventilating 377 

Mechanical  Ventilating  Plant,  Descripticm 397 

Mechanical  Ventilation,  Cost  of 442 

Mechanical  Ventilation,  Superiority  of 441 

Mechanical  Ventilators,  General  Conditions 333 

Mechanical  Work,  Relation  to  Heat 4 

Mercurial  Thermometers 10 

Mill's  System  of  Piping 211 

Mills,  J.  H.,  Tests  of  Radiating  Surfaces 97,  102,  105,  106 

Mitre  Branch  Tee  Coil 138 

Mixing  Dampers 381 

Moisture  Absorbed  by  Air 523 

Moisture,  Amount  in  Air 21 

Morgan,  Air-valve 295 

Morgan,  Heating  System 295 

Moving  of  Air,  Force  for , 38 

Murgiie's  Theory  of  Centrifugal  Ventilator 349 

Murgue's  Theory,  Bateau's  Modification  of 355 

Afurguc's  Theory,  Summary  of 354 

Nature  of  Heat 2 

Nitrogen   27 

Noel  l*yronieter 12 

Offset   126 

One-pipe  System 210 

One-pipe  System,  Hot-water 218 

One-pipe  System,  Steam-heating 253 

Orifice  of  Passiige,  for  Fan 349 

Oshorno  Heat ing  System 294 

Outlet  Opening  to  Fan 336 

Outlet  Kejrister,  Size 59 

Outlets,  Location  of 450 

Oxv«'en  in  Air 24,  25 

Ozone   21,  25 


Painting   Radiating  Surface 94 

Partial  Circuit  System  of  Piping 212 

Paul  System,  Kxhaust  Steam-heating 290 

Peclet's  Formula*  for  Lofts  of  Heat 73 

Perkins'  System,  Hot-water  Heating 189,  21 1 


IVttieofct  Pipe 161 

I'ipe  Area,  Steam- heating .....,.,....,, 222 

]'iiw  Boot 318 

Pipe  Connections,  Hot-water  Heating 223 

Pipe  Connections,  Steam- heating 221 

Pipe  Covering 22fl 

Pipe  Cm-ering,  Tests  of,  Tablp.  229,  230 

Pipe  DitiieOiiionH  fur  Given  Discharge  o(  Air  63^ 

Pipe,  Doulile-eiitni  Strong IIB 

Pipe,  KxpnnsLon  uf 136 

Pipe,  Extra  Strong lift 

Pipe-fitting.   Suggestions *88 

Pipe  Fittings 122 

Pipe  Junctions,  Tee's,  Y's,  etc 125 

IHpe-lines  f<.r  Air   l)imenaion»  of....! 34C 

Pipe  Radiating  Surface 137 

Pipe,  Relief  and  Drip 200 

Pipe  Siwa 121 

Pipe.  Standard   Grade 119 

Pipe,  Steam,  Computation  for 252 

Pipe  System.  Steam  Not  Returned  to  Boiler 227 

Pipe  Systems.  Comparisons 227 

Pipe  Systems,  Hot-water 215 

Pipe,  Table  of  Standard  Dimensions 533 

Pipe,  Wooden  Tube.  Insulation  (or 304 

Pipe,  Wrouglit-iron  and  Steel 119.  121 

Pipes  und  Fittings.  Cast-iron 117 

Pipes  for  Hot  Air     31S 

Piping.  Arrnnneiiietit  iff  Cold  and  Hot  Air 326 

Piping,  Complete  Cirenit  System 210 

Piping,  Exhaust  Heating 283,  286 

Piping  for  <;mnlious.-' 270 

Piping  for   llol-wiitpr 215 

Piping  Indirect  Healers 22« 

Piping,  Indirect  Heating 27l> 

Piping,  Mill--  S>>i,.in 211 

Piping,  One-pipe  System 210 

Piping,  One-pipe  Pyatem  for  Hot-water 218 

Piping,  Partial  ["ircuit  System 212 

Piping  Systems 2I« 

Piping.  Two-pipe  System 2H 

Pitch  in  Pipes 209 

Pitot-tube  41.  42 

Plates.  Ceiling  and   Floor 128 

Plenum  Method  of  Ventilating ■ *^* 

Pop-valve    180 

Portable  Setting  (or  Furnace 331 
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Portable  Setting  for  Heating  Boilers ••  •  •• 177 

Power  and  Capacity  of  Fans 36(> 

Power  Boiler 158 

Power  Boilers,  Rating  of 153 

Power  for  Moving  Air  through  Ventilating  System 43J> 

Power  Required,  Mechameal  Ventilation 31K1 

Power,  Rule  for  Fan 305 

Power's  Regulator 418 

l*reparatory  Warming 440 

Pressure,  Fan 335 

Pressure,  Head 41 

Pressure,  Maximum,  Produced  by  Fan  or  Blower 359 

Pressure  of  Water  for  Different  Heights 535 

Propeller  or  Disc  Fans 341 

I^roperties  of  Familiar  Substances 51l> 

Properties  of  Gases 502 

Proportions  of  Centrifugal  Ventilation 334 

Protection  from  Fire 484 

Pump  Governor 298 

Pyrometer,  Noel 12 

Pyrometers,  Description  of 11 

Radiant  Heat,  Defined 15 

Radiant  Heat,  Emission  of 16 

Radiant  Heat,  Reflection  and  Transmission  of 16 

Radiating  Surface,  Allowance  for  Unusual  Conditions 237 

Radiating  Surface,  Effect  of  Painting 94 

Radiating  Surface,  Exhaust  Heating 283,  285 

Radiating  Surface,   Greenhouses 271 

Radiating  Surface,  Grouping  of 95 

Radiating  Surface,  Heat  from,  Diagram 234 

Radiating  Surface,  Indirect  Heating 239,  279 

Radiating  Surface,  Measurement  of 93 

Radiating  Surface,  Pipe 137 

Radiating  Surface  Required  for  Warming 232 

Radiating  Surface,  Rule  for  Computing 235 

Radiating  Surface,  Rules  for  Estimating 245 

Radiating  Surface,  Tests  of , 95 

Radiation 15 

Radiation  and  Convection,  Total  Heat  Lost  by 84 

Radiation,  Direct 80,  86 

Radiation,  Heat  Emitted  by 82 

Radiation,    Indirect 80 

Radiator,   Cast-iron,  Sectional 140 

Radiattrr,  Cast-iron,  Standard 139 

Radiator.  Cast-iron,  Tests  of 100 

Radiator  Connections,  Hot-water 225 
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Radiator  Connections,  Steam 22 1 

Radiator,  Extended  Surface 142 

Radiator,  Flue 142 

Radiator,  Hot-water 142 

Radiator  Testing,  Direct  Steam 80 

Radiator  Testing,  Hot-water 92 

Radiator  Testing,  Indirect  Steam 92 

Radiator   Tests,   Conclusions 112 

Radiator  Tests  with  Superheated  Steam 103 

Radiator  Valve 131 

Radiator,  Vertical  Pipe 140 

Radiators,  Direct- Indirect 146 

Radiators,  Height  of 95 

Radiators,  Hot-water,  Size  of  Pipe  for 200 

Radiators,  Proportion  of  Parts 149 

Rankine  Fan,  Description  of 340 

Rapidity  of  Inleakage  of  Air .'. 454 

Rate  of  Cooling  Due  to  Radiation 82 

Rateau  Screw  Fan 342 

Rectangular  Pipes,  Capacity  of 349 

Reducing  Valve 300 

Reflection  and  Transmission  of  Radiant  Heat IG 

Register  Area 388 

Register  Area,  Tables 320,  322 

Register  Box 318 

Register  Details 327 

Register,  Size  of 267,  280 

Registers 384 

Registers  and  Flues,  Dimensions  of 62 

Registers,  Floor  and  Wall,  Merits  of 321 

Regulator,  Howard 421 

Regulator,  Lawler,  for  Hot  Water 418 

Regulator,  Power's 418 

Regulator,  Temperature 416 

Relation  of  Air  to  Vitality 431 

Relation  of  Ventilation  to  Heating 21 

Relative  Tests,  Hot-water  and  Steam-heating  Planta  for  Greenhouses. .  274 

Relay  209 

Relief-  and  Drip-pipes,  Size  of 2(k) 

Relief-pipe   209 

Return  Bend 120 

Return  Branch  Tec  Coil 138 

Return  Pipe,  Hot-water  Heating 204 

Return  Pipes,  Steam-heating,  Size  of 259 

Return  Riser,  Steam-heating 209 

Return  Trap 197 

Riser,  Steam-heating 209 
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Root  Positive  Blower 342 

Rule  for  CompuUng  Radiating  Surface 235 

Rule  for  Fan  Power 365 

Rule  for  Size  of  Steam-pipes,  Babcock's 254 

Rule,  Practical,  for  Fan  Capacity 364 

Rules  for  Estimating  Radiating  Surface 245 

Rules  for  Furnace  Heating 330 

Rust  Joint 118 

Safety-valve,  Computation  for 181 

Safety-valve,  Description 179 

Safety-valve,  Size,  Table 181 

Sanitary  Rooms,  Ventilation  of 448 

Sashing,  Double,  Effect  of ASA 

Schoolhouse,  Method  of  Warming,  General  Discussion 459 

Schoolhouse  Warming  and  Ventilation,  Character  of  Problem 430 

Schoolroom  Air-supply 435 

Sectional  Boilers 170,  171 

Setting  for  Boilers 173 

Setting  for  Indirect  Heaters 148 

Siphon  209 

Siphon  Condenser 286 

Siphon  Traps 194 

Smoke-flue  Area 280 

Solar  Heat.  Effect  of 451 

S|Mice  Heated  by  Direct  Hot-water  Heating  Surface,  Table 23D 

Space  Heated  by  Direct  Steam-heating  Surfa<*e,  Table 238 

Space  Heated  by  Indirect  Hot- water  Heating  Surface,  Table 245 

Space  Heated  by  Indirect  Steam-heating  Surface,  Table 244 

S|)e<-itic  Heat.  Definition  of 14 

Si»ecifRations  for  Furnace  Heating 330 

Specificaticms.  Form  of  Contract 476 

Specifications.  General  Business  Methods 402 

Specifications,   General   Requirements 403 

S|)ecifications,  Heating  Apparatus 4tK) 

S|)e(ifications,  Tubular  and  Water-tube  Boilers 480 

Stack  Areas 321 

Stacks    318 

Stack-i.   Indirect  Heatinjr 146 

Standard   Weights  and   Measures 499 

Steam-boilers,  General  Requisites 151,  157 

Steam  Condensed  in  Heating 113 

Steam,  Flow  of 248 

Steam,   Flow   through    Pipes 51 

Steam-nraiipe,  Connection  for 177 

Steam-lieating  Boilers,  Care  of 199 

Steam-heating.  Direct,  Proportion  of  Parts,  Table 269 
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steam-heating,  Gravity  Circulating  System 208 

Steam-heating,  Greenhouses 273 

Steam-heating,  High-pressure  System 208 

Steam-heating,  Indirect,  Proportion  of  Parts,  Table 2Gi> 

Steam-heating,  Pipe  Connections 221 

Sfeam-heating  Systems,  Summary  of  Methods  for  Design 278 

Steam-loop 299 

Steam-main,    Area 253 

Steam-pipes,  Capacity 258 

Steam-pipes,  Size  by   Babcock   Rule ^54 

Steam-pipes,  Size  of,  in  Direct  Radiation,  Tables 250,  257 

Steam-piping,  Computation 252 

Steam,  Properties  of 524 

Steam-radiator,  Cast-iron,  Sectional 140 

Steam-radiator,  Cast-iron,  Standard 140 

Steam-radiator,  Vertical  IMpe 139 

Steam-space   in    Boilers 150 

Steam-tables,  Explanation  of 150 

Stone  Walls,  Heat  Loss  through 07 

Strength  of  3^1aterials,  Coefficients 520 

Stuffing-boxes  130 

Successive   Ventilation 445 

Systems  of  Warming 20 

Systems  of  Heating,  Comparison 231 

Tables  in  Appendix,  Explanation  of 497 

Tables  in  Appendix,  List  of 490 

Tables  in  Body  of  Book,  List  of 495 

Temperature  G 

Temperature,  by  Color,  Table 12 

Temperature,  by  Melting  Points 12 

Temperature  Control,  Automatic 452 

Temperature,  Defined 3 

Temperature  of  Various  Localities 541 

Temperature  Produced  in  Room  when  Outside  Temperature  is  High. . .  114 

Temperature  Regulation 422,  424 

Temperature  Regulation,  Saving  Due  to 42(» 

Temperature  Regulators 410 

Tests  of  House-heating  Boilers 155 

Tests  of  Radiating  Surface 05 

Thermometer  180 

Thermometer,  Centigrade 8 

Thermometer  Cup 13 

Thermometer,  Fahrenheit 7 

Thermometer,  Wet  and  Dry  Bulb 32 

Tliermometers,  Air 10 

Thermometers,  Construction  and  Forms  of 9 
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Thermometers,  Maxima  and  Minima 12 

Thermometers,  Mercurial 10 

Thermometers,  Methods  of  use 1 13 

Thermometric  Scales,  Tables 8 

Thermostat 416 

Thermostat,  Johnson  System 427 

Thermostat,  Pneumatic,  Construction  of 427 

Thermostatic  Valve,  Webster 290 

Thermostats    178 

Transmission  of  Heat  through  Glass 65,  77 

Transmitting  Power,  Loss  in  Different  Systems  of 306 

Transmission  of  Steam,  Long-distance 302 

Trap,  Bucket 195 

Trap,  Combined  Float  and  Expansion 197 

Trap,  Counter- weighted 195 

Trap,   Expansion 196 

Trap,  Float 194 

Trap,  Return 197 

Traps,  Siphon 194 

Tredgold,  Experiments  on  Radiating  Surface 96 

Try-cocks    182 

Two-pipe  System 214 

Underground  Pipes,  Heat  Loss  in 307 

I'nwiu's  Formula  for  Flow  of  Air  through  Orifice 47 

I'nwin's  Formula  for  Velocity  of  Air  in  Pipes 49 

Vacuum  Circulating  System 294 

Vacuum-gauge   185 

Vacuum  Heating  System 285 

A'acuum   Method  of  Ventilating 454 

Valve,  Air 132 

Valve,  Angle 130 

A'alve,  Automatic  Air 134 

Valve,  Backpressure 282,  288 

Valve,  Check 132 

Valve,   Corner 131 

Valve,   Cross 131 

Valve,  Diaphragm 425 

Valve,  E<iualizing 108 

Valve,  Gate 128 

Valve,   Clobe 128 

Valve,  Reducing 300 

Valves  and  Cocks 128 

A'alves,  Position  in  Pipes 225 

Van  Auken  System  of  Heating 20t) 

Volume  of  x\ir  Discharged  from  Fan 362 
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Volume  of  Air  Discharged  through  Pip«  at  Various  Pressures 54!) 

Volume  or  Positive  Blowers 34 1 

Volume  or  Regulating  Dampers 381 

Velocity  Head 41 

Velocity  in  Hot-water  Pipes,  Table 261 

Velocity  of  Air  by  Computation 43 

Velocity  of  Air  by  Heating 52 

Velocity  of  Air  Discharged  from  Fan 362 

Velocity  of  Air  Due  to  Natural  Draft ; 531 

Velocity  of  Air,  Maximum  in  Mechanical  Ventilation 395 

Velocity  of  Air,  Measurement  of 40 

A'elocity  of  Air  on  Different  Floors 00 

Velocity  of  Air,  Questions  Relating  to  its  Measurement 45,  46 

A'elocity  of  Entering  Air 56 

A'ent-pipes   327 

Ventilating  Flue,  Size 59 

Ventilating  Flues,  Table •.  270 

Ventilating,  Mechanical  Systems 377 

AVntilating  Plant,  Test  of 403 

Ventilation,  Amount  of  Air  for 34,  35 

Ventilation  and  Heating,  Relation  between 21 

Ventilation  l^  .Gxaxitya  * 440 

A'entilation  by  Heating  of  Air 38,  39 

Ventilation  by  Mechanical  Means 39 

A'entilation,  Centrifugal,  Mui^e*s  Theory  of 349 

A'entilation,  Centrifugal,  Description  of 334 

Ventilation,  Centrifugal,  Proportions  of 334 

Ventilation,  Cost  of 436 

Ventilation,  Heat  Required  for 69,  70 

A'entilation,  Influence  of  Humidity  on 34 

A'cntilation,  Influence  of  Size  of  Room  on 37 

A'entilation,  Local 456 

Ventilation,  Mechanical,  Air  Required 391 

A'entilation.  Mechanical,  Power  Required 394 

Ventilation,  Mechanical,  Superiority  of 441 

A>ntilation  of  Clas«4rooms 448 

A'entilation  of  Coat,  Hath,  Lavatory,  and  Sanitary  Rooms 447 

A'entilation  of  Corridors 447 

Vcntilaticm,  Plenum  Method 454 

Ventilation,  Size  of  Ducts 204 

A'entilation,  Summary  of  Problems 60 

Ventilation.  Successive 445 

Ventilation,  A'acuum  Method 454 

Ventilation  without  Heating 404 

Vertical  Boilers 162 

Walls,  Heat  Loss  through 66,  67 
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Warming  by  Rotation 449 

Warming  Closets 14 1 

Warming,  Quick  Preparatory 441) 

Warming  Sohoolhouses,  Method  of,  General  Discussion 4')1» 

Warming,  Systems  of 2<) 

Waste  of  Heat  at  Night 454 

Water   Colunm 183 

Water,  Flow  of 247 

Water,  Flow  through  Pipes 51 

Water-gauge  182 

Water-hammer 210 

Water-heaters,  Care  of 201 

Water-leg   102 

Water-line,  Steam-heating 209 

Water-space  in  Boilers 156 

Water  Surface  in  Boilers 156 

Water-tube  Boilers 158,  163,  168 

Webster  System,  Exhaust  Steam-heating 288 

Webster  Thermostatic  Valve 290 

Weight  of  Air 22 

Weight  of  Water  per  Cubic  Foot  at  Various  Temperatures 534 

Weisbach's  Formula  for  Flow  of  Air  through  Orifice. . .  i 47 

Wet-  and  Dry-bulb  Thermometer 32 

Williame's  System,  Exhaust  Steam-heating 287 

Windows,   Double 453 

Windows,  Heat  Loss  from 65 

Wood  Tubing  for  Pipe  Insulation 304 

Work,  Defined 3 

Work  Done  in  Heating  Air 53 

Work  of  Moving  Air  through  Pipes 345 

Work   Required  to  Run  Fan 3<>3 

Workshop   Heating • • 277 

Work,  Theoretical,  of  Moving  Air 343 

Wrought-iron  and  Steel  Pipe 119,  121 

Wyckoff  Built-up  Wood  Tubing 304 

Yarian  Heating  System •«•»*>«  •«*»*!cis>9;v:«tv>-**'CTk.. 294 
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TEMPERATURE  REGULATION. 


JOHNSON 
SYSTEM 

OF 

TEMPERATURE 
REGULATION 

has  been  in  public  use  since  1S85  with 
ever-increasing  favor,  and  is  now  used  ta 
all  classes  of  buildings  where  heating  ts 
required.  This  is  the  original  and  perfectly 
developed  system  jnd  is  applicable  to 
every  kind  of  heat- 
ing device. 


HUMIDOSTAT 

controls  the  humidity  of  rooms  wlthm 
2i,  thus  securing  health,  comfort,  and 
economy.  The  only  device  made 
securing  these  results.     Address 

Johnson 
Temperature  Regulating 

Company, 

2M  FOURTH    AVENUE,    NEW  YORK  CITY. 


"A  BC" 

Kan  System 

Heating  and  Ventilation 


PROVIDES   A    UNIFORM    DECREE   OF    HEAT. 

FURNISHES    AMPLE   VENTILATION. 

FIRST  COST  AND  OPERATING   EXPENSES  LOW. 

SUITABLE  hOR 

FACTORIES, 

CHURCHES, 

SCHOOLS. 

HOSPITALS, 

THEATRES. 

IN  FACT,  LARGE  BUILD^NGS  OF  ALL  TYPES. 


Buffalo  Fan  System 

OF 

HeeLting   acnd   VervtilaLting. 

For  Schools,  Churches,  Theatres,  and 
alt  Public  and  Industrial  Buildings. 


Buffaklo   Forge   Company 

BNGINBS 

For  Electric  Llghl  «i\d  Power  Service- 
Simplicity  of  Design. 

Durability  of  Conatructton. 

Close  Regulation. 

Smooth  Cool  Running  at 

Sustained  High  Speed. 

Horizontal. 
Vertical. 
Simple. 
Compound, 
Belted, 
Direct- 
Connected. 

Buffalo  Forge  Comparvy, 

BUFFALO.    N.  Y..  U.  S.  A. 
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MASON       BIDELUO"  STEAM 


"Nason"  Steam  Traps  for  Pressures  to  70  lbs. 
"Sidelug"  Steam  Trapsjor  Pressures  70  to  150  lbs. 

"  Nason "  Wrought  Tube  Radiators  for  Working  Steam 
Pressures  to  250  lbs. 

"Equator"  Steam  House  Heater. 
"Gulf  Stream"  Hot  Water  House  Heater. 

"Nason"  Ammonia  Valves  and  Fittings 
for  Ice  and  Refrigerating  Plants. 

Pressure  Regulating  Valves  for  Steam,  Water, 
Gas,  Air,  Etc. 

STEAM  PUMPS,  AIR  COMPRESSORS,  FANS, 
BLOWERS,  AND  ENGINEERING  SUPPLIES, 
AND  SPECIALTIES  OF  EVERY  DESCRIPTION. 


I- 


3END  FOR  OUR  1902  CATALOGUE. 


NASON  MANUFACTURING  COMPANY, 

71  Fulton  Street,  New  York. 


IDEAL    BOILERS    and 

f  AMERICAN 
i 


Largest  Make 

Largest  Assortment. 
Largest  Value; 

Best  Service. 

1  J      for 

Profusely     Illustrated 
CATALOGUES. 


11  u  K  a. 
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AmericanRadiator  roiftPMY 


who  fails  to  investigate  claims  to 
surpassing  merit  made  by  any 
apparatus  entering  into  his  work 
constantly  runs  the  risic  of  remain- 
ing ignorant  of  something  he  would 
most  gladly  know  of.    The 

"Webster  System"  of  Steam 

Circulation  for  Heating 

Purposes 

lays  claims  to  an  efficiency  and 
economy  which,  if  vindicated,  con- 
stitute that  system  a  class  by  itself. 
If  the  steam  heating  of  a  large  and 
important  building  is  a  problem  you 
must  shortly  solve,  we  shall  be 
pleased  to  have  you  write  us. 


V  WEBSTER  &  CO.,  || 

CAMDEN,  N.  J.  f  f 
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STURTEVANT 

Blowers  of  all  Descriptions. 


steam  Hot  Blast  Apparatus  for  Positive 
Ventilation  and  Heating. 

Generating    Sets  for    General    Lighting  and 
Power  Requirements. 

Steam  Traps  and  otiier  Sundries  required  for 

tlie   Complete   Equipment  of    Heating 

and  Ventilating  Installations. 


B.  F.  STURTEVANT  CO. 

BOSTON,  MASS. 

New  York,       Philadelphia,       Chicago,       London. 


SHORT-TITLE     CATALOGUE 

PUBLICATIONS 

or 

JOHN  WILET   &   SONS, 

New    York. 
Losdon:    chapman  &,  HALL,  Limited. 


ARRANGED  UNDER  SUBJECTS. 

t>BMiriptlTe  circiilnri  teat  on  miplicatloD. 


AQBIOULTUBE. 

Armiby'B   Manual    of   Cattle- feeding IZmo,  tl  TS 

Budd  and  Baiuen's  American  Horticultural  Melhu&I: 

Fart   I. — Propagation,   Culture,  and   ImproTement...  .ISmo,  1  50 
Part  n. — SjBtematic  Pomology.     [In  preparation.) 

Downing'B  PruiU  and  Fruit  trees  of  America 8vo,  6  00 

Orotenfelt'sPrincipIeB  of  Modern  Dair7  Practice.  (WoU.)..lSmo,  2  00 

Kemp's  Landscape  Qardentiig ISmo,  2  60 

Majnard'a  Landacape  Gardening  ae  Applied  to  Home  Deeoration. 

12mo,  1  60 

BandeiBon's  Insects  Injurious  to  Staple  Crops 12mo.  1  50 

"  Insects  ItijuTiouB  to  Garden  Uyipa.     (In  preparation.) 

"  Insects  Injuring  Fruits.     {In  preporstlon.) 

Btockbridge's  Rocks  and  Soils 8vo,  Z  SO 

Woll'*  Handbook  for  Farmers  and  Dairymen. lOmo,  1  W 

ASCHTTECTimE. 

Btidwin's  Steam  Heating  for  Buildings IZmo,  2  SO 

Berg's  Buildings  and  Structures  of  American  Railroads. . .  .4to,  G  00 

Btrkmire'a  Planning  and  Construction  of  Americaa  TheatresJvo,  3  00 

"         Architectural  Iron  find  Steel 8vo,  3  GO 

"  Compound  Riveted  QirdeTB  aa  Applied  in.  Buildings. 

five,  8  00 
"          Planning  and  Construction  of  High  Office  Buildings. 

Sto,  S  go 

"          Skeleton  Construction  in  Buildings Svo,  S  00 

Briggs's   Modem   American   School   Buildings 8vo,  4  00 

Carpenter's  Heating  and  Ventilating  of  Buildines. 8vo,  4  00 

F^eitag'a  Architectural  Engineering.  2d  Edition,  Hawritttn.Svo,  3  50 

"          Fireproofing  of  Steel  Buildings Bvo,  2  50 

Gerhard's  Guide  to  Sanitary  House- inspection lOmo,  1  00 

Theatre  Fires  and  Panics IZino,  1  60 

Hatfield's  American   House  Carpenter 8vo,  G  00 

Holly's  Carpenters'  and  Joiners'  HandbooV Ifimo,  76 

Kidder's  Architect's  and  Builder's  Pocket-book.  .Iflmo,  morocco,  4  00 

Uerrill's  Stones  for  Building  and  DecO'ratioii Svo,  5  00 

Monckton's  Stair-building 4to,  4  OO 


PatUHi'*  ITmctioU  Twatiie  cm  FouiwUtioiu 8vi»,  S  00 

Ewbert  and  Diggin'a  MoJeni  SLoDe-cuUing  and  Masoorf.  .Bvo,  1  SO 
fioow'i  Principal  Sppciea  ot  Wood:  Their  Characterislic  Prope*^ 
ties,     (in  preparation.) 

Wait's  EoEiDeemur  and  Architectural  JoiiipnideDee Bto,  0  00 

Sbeep,  SSO 
Lav  of  Operations  Prelimlnry  to  OcnutractiDn  in  Eo- 

gineerinK  and  Architecture. Sro,  5  00 

Sheep,  6  SO 

-       L*w  of  Cootracta Sro,  3  00 

Woodburj'i  Fire  ProUction  of  HDli Sto,  t  SO 

Worecater  and  Atkinson'*  Small  Hoapit«U,  EMsMiahmeiit  and 
UaintenaD««,  and  Suggeationa  lor  Hoapltal  Architectitra, 

with  Plana  for  a  Small  Hospital 12iiM>t  1  tt 

n*  Worid't  Columbian  Expoaltjon  at  IS&3 L«ge  4tOk  1  OO 


ABHT  AJSm  NATT.  4 

Smolceleta  Powder,  Nitru-ccUuloae,  and  Uw  Iliearr  ^ 

ot    the    t:elluiofl«    Molecule l£nia,  t  GO    ' 

•  Bruff'a  Text-book  Ordnance  and  Gunnery .9^0,  6  00 

Cbaae'i  Screw  Propellers  and  Marine  Propulsion Sro^  3  00 

Craig's  Aiimuth ito.  S  00 

Crehore  and  Squire's   Polsrizing  Phota-ehroDOgi«ph 8vo,  8  00 

Cronkbite's  Gunner 7  tor   Noa-ci>nuaiiBBioned01Bmrs.^iiM>,inor^  2  00 

•Davis's  Bementa  ot  Law ., 8vo,  E  60 

•  "      Treatise  on  the  Uilitarp  Lan  o[  United  States.. 8vo,  7  00 

•  Sheep,  7  50 
De  Brack's  Cavalry  Outpost  Duties.     (Cbjt.)  ■ . .  .24nio,  ~ 

Dim's  Soldier's  First  Aid  Handbook Ifimo, 

"  Dredge's  Modem  French  Artillery 4to,  half 

Durand's  Resistance  and  Populsion  of  Ships Svo.  6  OO 

•  Dyer's  Handbook  of  Light  ArtiUery ISnto,  3  00 

Bssler's    Modem    High    ExplbrnTea 8to,  4  00 

•Fleb^er's  TezUbook  on  Field  FortifleaUon Small  8vo,  *  OQ 

HainilMin'B  The  Gunner's  Catechi»m ISmo,  1  00 

•Hoff'a  Elementary  Naval  Tactics 8»q,  I  CO 

Ingalla's  Handbook  of  Problems  in  Direct  Fire 8vo,  4  00 

•  ■'        BsJIiatic  Tsbles Svo,  I  50 

LyoDs's  Treatise  on  Electromagnetic  Phenomena Svo,  8  M 

•Mahan's  Permanent  Fortification*.     (Mereur.)..8vo,  half  mor^  7  BO 

Manual    for   Courts-martial ISmo,   morocco,  ISO 

•  Mercur's  Attack  of  Fortified  Piacea 12ino,  2  00 

•  "        Etenenta  o(  tlie  Art  of  War 8»o,  4  00 

Mctcalfa  Coat  of  Manufactures — And   the  AdminiatratioD  of 

Workshops,    Public   and   Private Svo,  fi  00 

•  "         Ordnance  and  Gunnery I2mo,  0  00 

Murray's  Infantry  Drill  Regulations ISmo,  paper,         10 

•  Phelpa'a   Practical    Marine   Surveyii^. gyo,  2  50 

Powell's  Army  Officer'a  Examiner 12mo,  4  00 

Sbarpe's  Art  of  Subsisting  Armiea  in  War IBmo,  morocco,  |  50 

Walke's  Lectures  on  Eiplosivea Svo,  4  00 

•  Wheeler's  Siege  Operations  and  Military  Mining _.  ,8vo,  8  00 

Winthrop's  Abridgment  of  Military  Law ISmo,  2  60 

Woodhull's  Notes  on  Military  Hygiene lOmo,  1  00 

Young's  Simple  ElemenU  of  Navigation 16mo,  morocco,  1  00 

Second  Edition,  Enlarged  uid  Reviaed 16mo,  mor.,  2  00 


^^^KT  AS8A7IH0. 

I'leti'bcr'a  Praotic&l  InatnicUoiis  in  Quantitative  ABH^riog  with 

the  Blowpipe , 12nio,  morocco,  1  SO 

Furmin's  Manual  of  Pmclical  Aisajing 8vo,  3  00 

Miller')  Manual  o1  Asaaying 12mo,  1  00 

ODriaooirs  Notes  on  the  Tteatment  of  Gold  Orw 8vo,  2  00 

Sjcketta  and  MilJer'a  Notes  OD  Aana^iag evo,  3  00 

Wilson's  Cyaniilp  Proceaseg IBmo,  1  SO 

■'         CTilorination  Proceas 12rao,  1  60 

ASTAONOUT. 

Cnig-B  Aiimuth *to,  8  SO 

Doolittle's  TreatiM  on  Practical  ABtroaomy Svo,  4  00 

Gore's  Elements  of  Qeodeay Svo,  2  60 

Hayford'a  Text-book  of  Geodetic  Aatronomy Svo,  3  00 

Henimsii'e  Elements  of  Precise  Surveying  and  G«odeay Svo,  2  SO 

1         •  Michie  and  Harlow's  Practical   Astronomy Svo,  3  00 

P*  White's  Elements  of  Theofetieal  and   De*crip(Jve  Astronomy. 

12mi>.  !  00 
BOTANY. 

S^dwiD's  Orchids  of  New  England BmatI  Bvo.  1  » 
D«Tenp<nl'a  Statistical  Methods,  with  Special  Reference  to  Bio- 

lo^cal    Variation lemo,   morocco,  1  26 

Home  and  Bennett'a  Structural  and  Phyaiological  Botany, 

I                                                                                                                  16rao,  8  S6 

^H  West«Tmaier'B  Compendium  of  General  Botany.(Schneider.l  8vo,  2  DO 

■  CHEMISTRY. 

^^   Adrianoe's   Laboratory  Calculationaand  SpeclDoGravityXables. 

'                                                                                                                  12mo,  1  26 

Allen's  Tables  for  Iron  Analysis Bvo.  3  00 

Arnold's  Compendium  of  Chemistry.  (Mandel.)    (/a  preparation.) 

Auatf^n's  Notes  for  Chemical  Studenti 12roo,  1  60 

Bemadou'e  Flmokeless  Powder.—Nitrt^cellulose,  and  Theory  ot 

the  CdluloM  Molecule IZmo,  2  SO 

Botton't  Quantiutive  Analyais Svo,  1  60 

Brush  and  Penfield's  Manual  of  Determinative  Mineralogy  ...Svo,  4  00 
CUaaen's  Quantitative  Chemical  Analysis  by  Etectrolyais.    (Her- 

rick— Boltwood.)   Svo,  3  00 

Cobn'a  Indicators  ^nd  Test-papera 12mo,  2  00 

Crait'i  Bhort  Course  in  Qualitative  ChemicaJ  Analysis.   (Schaef- 

fer.)   12mo,  2  00 

Drecbael's  Chemical   Reactiona.     (Merrill.) 12mo.  1  26 

Bissler's  Modem  High  E^xploeives Svo,  4  00 

Bffront'a  Enzymes  and  their  Application!.     (Prescott.) Svo,  S  00 

SMmaDn'a  Introduction  to  Chemical  Preparationa.     {Dunlnp.) 

l^mo.  I  21 
Vletcher'i  Practical  InstrueLioni  in  Quantitative  AaBBying  with 

the  Blowpipe l2r»o,  morrxTo,  1  60 

I  Fowler's  Sewage  Works  Aimlyaes l2iiio,  2  00 

FreseDiua'eMnnualof  QualilaliveChenucalAnalvsis.  (Wella.)  Svo,  5  00 
I         "         Manufti  of  Qualitative  ChemicaJ  Analysia     Part  1. 

Descriptive.     (Wella.) Bvo,  3  00 
t        "          System   of   Instruction   in    Quantitative   Chemical 

b                       Analyaia.      {Allen.) Bvor,  0  00 

1        •  . 


Fuertea's  Waler  and  Puoiie  Health ISmo, 

FurmBn'H  Manual  of  Practical  Assaying Bvo, 

Gill's  Gas  and  Fuel  Auulyaia  [or  Biigineera I2iua,  1  ZS 

Orotenfelffl  Principle*  of  MQciern  Dairy  Practice.   (WoIl.).-12ii«),  i!  00 
HamniarBteu'B  Text-book  of  FhysiolugtCBl  Cbemlstry.  (MaadeL) 

STo,  4  00 

Helm'*  Principles  of  Mathematical  Cheutiatry.  (Murgan.)  ISma,  1  60 

Binda'a  loorgknic  Chemistry 8vo,  3  00 

•  "       Laboratorv  Manim!  for  S    dents )2[i)o,  7fi 

EoUemiLn'B  Text-book  of  Inorganic  Chemist^.  (Cooper.),.  .Svo,  X  00 

Organic  "     (WoUcer  and  Mott.1 

{In  preparallwi.) 

Sopkuu's  Oil-chemists'  Bandhook Svo,  8  00 

Xeep'i  Cast  Iron.. Svo,  2  60 

Ladd's  Manual  of  Quantitative  Chemical  Analysis 12mo,  I  00 

Landauer's  Spectrum  Analysis.     (Tingle.) Sro,  3  00 

Laaear-Cohn's  Practical  Urinary  Analjms.   (Lorena.)    (In  preparation,) 
Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Keler- 

ence  to  State  Control,      (fn  preparation.) 
LCb's  Electrolysis  and  Klectrosjnthesis  of  Organic  Compounds. 

(Loreni.) ISmo,  1  OO 

Jlandel'B   Handbook   for   Bio -chemical   Laboratory ISmo,  1  GO 

Mason's  Water-supply.     (Coosidercd  Principally  from  a  Sanl- 

tary  SUndpoint.)   3d  Edition,  Rewritten Svo,  4  00^^ 

Ebiamination    ot    water.      (Chemical     and    Bacterio-  ^^^^H 

lo^cat.)  lEmv,  1  i^^H 

Ifeyer's   Determination    of    Kadides    in    Carbon    Compounds.  ^^^| 

(Tingle.) 12mo,  1  OQ^H 

ViUer's  Manual  of  Assaying ISmo,  1  Ot 

Uixter's  Elementary  Text-book  of  Chemistry 12mo,  1  60 

Morgan's  Outline  of  Theory  of  Solution  and' Its  Beaulte.,12mo,  1  00 

"         Elements  of  Phj-sical  Chemistry 12ino,  8  00 

Nichols's  Water-supply.     (Considered  mainly  from  a  Chemical 

and  Sanitary  Standpoint,  1883.) evo,  t  60 

O'Brine's  Laboratory  Guide  in  Chemical  Analysis Sro,  t  00 

CDriscall's  Notes  on  the  Treatment  of  Gold  Ores Sto,  t  00 

Dit  and  Kolbeck'a  Text-book  of  Chemical  Technology.      (Lo- 
rena — Boiart.)      (J»  preparation.) 

•  Penfleld's  Notes  on  Del^rminative  Mineralogy  and  Record  of 

Mineral  Tests Svo,  paper,  0  60 

Pinner's  Introduction  to  Organic  Chemistry.     (Austen.)     I2ma,  1  60       h 

Poole's  Calorific  Power  of  Fuels 8to,  3  0lt^^| 

'Reisig's  Guide  to  Piece-dyeing Sro,  £S  0K^^| 

lUchards  and  Woodman's  Air,  Water,  and  Food  froBS  a  Sanitary  J^^H 

Standpoint Svo,  8  fl^^^H 

Richards's  Cost  of  Living  as  Modified  by  tjanitnry  Hdence    12mo,  1  0^^^| 

Cost  of  Food,  a  Study  in  Dietaries ISmo.  I  00       | 

•  Richards  and  Williams's  The  Dietary  Computer Svo,  1  60 

Bicketts  and  Russell's  Skeleton  Notes  upon  Inorganic  Chem- 
istry.     (Part  I. — Non-metallic  Elements.) .  .8vo,  morocco,  T5 

Slcketts  and  Miller's  Notes  on  Assaying Svo,  3  00 

Rideal's  Sewage  and  the  Bacterial  PurifteaUon  of  Sewage,  -Svo,  3  GO 

Ruddiman's  Incompstibilities  in  Prescriptions Svo,  B  00 

Bchimpf's  Text-book  of  Volumetric  Analy^s 12mo.  8  GO 

Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses.  16mo, 

mor.,  3  DO 
"         Uandlxiok  for  Sugar  Manufacturers  and  their  Chem- 
ists  - lOmo,  morocco,  8  00 

Stockbridge's  Bocks  and  SoUs Svo,  S  60 


I 


'  TIIIhuid'b  fSementary  Lesgona  in  Ileal Svo,  1  EO 

'         "        DeHi'riptive  Genernl  Cliemislry 8»o,  3  00 

Turneaure  and  Kuagell'g  Public  Water-supplies 8to,  B  00 

Van  Deventer's  Ph^iical  Chemistry  for  lleginnera.     (Bollwood.) 

12mo,  1  M 

Wslke'g  Lectures  on  ExplMivet 8vo,  4  00 

Welti's  Lalioratui}'  UuiUe  in  Qunlitabive  Chemical  AnnlysU.Jivo,  1  60 
"      Short  Course  in  InorgBJUc  Qualitative  Chemical  Analy- 
sis fur  En^iiecrine  Students 12mo,  1  BO 

Whipple's  MicTDtcopf  uf  OrinKing- water Svo,  3  SO 

Wiechmaun's  Sugar  Analysis Small  Svo,  S  50 

"            Lecture-notes  on  Theoretical  ChemiBtry. . ,  ■  I2ino,  3  00 

Wilson's  Uvanide  Processes 12itio,  1  GO 

"         CTUorination    Procesa 12mo,  I  SO 

WuUing's  Elementary  Course  in  Inorganic  Phaimaceuticai  and 

Medical  Chemistry 12ma,  2  00 

CIVIL  ENGINEERniG. 

BBID6ES     AND     ROOFS.       BYDBAULICS.       MATERIALS  OF 

ENGINEEBING,     RAILWAY  EHGINEERIMG. 

Baker's  Engineers'  Surveying  InatrumuoU 12mo,  3  00 

Bixby's  Uraphical  Computing  Table. .  .Paper,  191z24J  inches.  26 

Davis's  Elevation  and  Stadia  Tables 8vo,  1  00 

FolwcU's  Sewerage.     (Designing  and  Maintenance.) 8vo,  3  00 

Freitag'a  Architectural  Engineering.    2d  Ed.,  Rewritten. .  .Svo,  3  60 

French  and  Ives's  Stereolomy Svo,  2  50 

Ooodhue's  Municipal   Improvements... ISiuo,  I  '75 

Ooodrieh's  Economic  Disposal  of  Towns'  Refuse Svo,  S  50 

Crore's  Elements  of  Oeodeay Bvo.  2  60 

Hayford'g  Textbook  of  Geodetic  Astronomy Svo,  3  00 

Hone's  Retnining-walls  for  Earth lEmo,  1  25 

Johnson's  Tlieory  and  Practice  of  Surveying Small  Svo,  4  00 

"          SUilia  and  Earth-work  Tables Svo,  1  25 

Siersted's  Sewage  Disposal 12nio.  1  25 

Idplace's  Philosophical  Essav  on  ProbabCitieB.    (Truscott  and 

Emory.) 12mo,  2  00 

Hahan's  Treatise  on  Ovil  EngineeriDg.    (1873.)    (Wood.).. Svo,  5  00 

•Uahau's  Descriptive  Geometry Svo,  1  50 

Uerriman's  Elements  of  Precise  Surveying  and  Geodesy Svo,  2  60 

Merriman  and  Brooks's  Handbook  for  Surveyors IBmo,  mor.,  2  00 

Uerriman's  Elements  of  Sanitary  Engineering Svo,  2  00 

Nugent'a  Plane  Surveying. Bvo,  3  60 

Ogden's  Sewer  Design... I2mo,  2  00 

Fatton's  Treatise  on  Civil  Engineering Svo,  half  leather,  T  50 

Reed's  Topogrophical  Drawing  and  Sketching 4to,  5  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage..  ,3vo,  3  60 

Siebert  and  Biggin's  Modern  Stone-cutting  and  Masonry Svo,  1  60 

Smith's  Manual  of  Topographical  Drs-wing.    (McMillan.) .  .Svo,  2  50 

•Trautwine's  Civil  Engineer's  Pocket-book. ...  l8mo,  morocco,  6  00 

Wait's  Engineering  and  Architectural   Jurisprudence Svo.  S  00 

Sheep,  6  60 
"      Law  of  Operations  Preliminary  to  Construction  in  En- 
gineering and  Architecture Svo,  6  00 

Sheep,  6  60 

Wait's   Law    of  Contracts Svo,  3  00 

Warren's  Stereotomy — Problems  in  Stone-cutting Svo,  2  60 

Webb's  Problems  in  the  Use  and   Adjustment  of  En^neering 

Instrumenta  IQmo,  morocco,  I  25 

5 


BBIDGES  AND  HOOFS. 
Ballei'i  Practiekl  Tre&tise  on  the  Construction  of  Iron  Highwity 

Bridges 8to,    2  00 

•Boller'i  ThamM  Biver  Bridge 4to,  paper,    6  00 

Burr's  Course  on  the  Stresses   in  Bridges  and   Roof  Trusses, 

Arched  Riha,  and  Suspension  Bridge Svo,    3  60 

Du  Uois's  Mechanics  of  Engineering.    Vol.  II Email  4to,  10  00 

Poster's  Treatise  on  Wooden  Treatle  Bridges 4to,    5  00 

Fowler's  Coffer-dam  Process  tor  Piers 8vo,    t  SO 

Greene's  Boot  Trusses Sto,     1  U 

"  Bridge   Trunses 8to,    2  50 

"  Arches  in  Wood,  Iron,  and  Stone 8vo,     2  60 

Howe's  Treatise  on  Arches 8to,    4  00 

"        Dt^sigti  of  Simple  Roof-fnjsseB  in  Wood  aad  Sleel.  Svo,     2  00 
Johnson,   Bryan  and   TumeaureV  Theot7  and  Practice  in  the 

DcBignlng  of  Modem  Frani«d  StnicturM Small  4to,  10  00 

Uerriman  and  Jacobus  Textbook  on  Boofs  and  Bridgea: 

Part  I.— Streises  in  Simple  Ttiumb 8»o,    t  50 

Part  II.-Gmphic   Ststics Bro,    2  50 

Part  III.— llndge  Deflign.     Fourth  Ed.,  Bewrltten 8to,    2  50 

Part  IV.— Higher  Structures Pro,    t  80 

If  orison's  Memphis  Bridge 4U),  10  00 

Waddelt's  De  Pontibua,  a  Pocket  Book  for  Bridge  Gnglneen. 

Iflmo,  riior.,     S  00 

"  Specifi  cat  ions  for  Steel  Bridges l2mo,     1  U 

Wood's  Trenline  an  the  Theory  of  the  Coastruction  of  Bridges 

and  Roofs  8to,    t  Oi 

Wright's  DcBigning  of  DrHW-spans; 

Part   J.— Plate-prder  Draws Sto. 

Part  TI.^Biveted-trnu  and  Pin-connect«d  Long-span  Draws. 

Bco, 
Two  palls  in  one  volume Bro, 

HYDBATIXICS. 
Bazin's  G^perintenta  upon  the  Contraction  of  th«  Liquid  Vein 

Issuing  from  an  OriSce,     (l^utwine.) Sto,    1  00 

Borej'B  Treatise  on  Hydraulics Bta,    t  00 

Chnreh's  Mechanics  of  Engineering 9to,    0  00 

"         DiagramB  of  Mean  Velocity  of  Water  in  Open  Cbannets 

paper,  1  50 
CofHn's  Qraphi^l  Solution  of  BydrauUc  Prohlems.  .lOmo,  mor.,  S  M 
nather's  Dynamometers,  and  the  Measurement  of  Fower.t2mo,    3  00 

Volwell'i  Water-supply  Engineering Bto,    4  00 

Friielfs    Wttter-power 85o,    B  OO 

rueries's   Wat«<r   and    Public   Health )2mo.     ISO 

"         Water-flltration    Worka 12mo,    2  SO 

Qanguillet  and  Kuttcr*!  General  Formula  for  the  Uniform 
Flow  of  Water  in  Rivers  and  Other  Channels.  (Ber- 
ing and  Trautwine.) Sro^    4  00 

Hasen's  Filtration  of  Public  Water-suppty 8vo, 

Hiidehnrst'B  Towers  and  Tanks  for  Water-works 8vo, 

Herscbel'a  115  Experiments  on  the  Carrying  Capacity  et  Large, 
Riveted,  Uetal  Conduite Sto, 


I 


'% 


^^VUaaOD'a  Water~Bupply.     (Coiuidered   Prinoipall;   from  a  Sajii- 

]^™             t*ry  Stendpoint.) 8vo,  4  00 

"         HerrimaDB  Treatise  on  Hydraulics Svo,  4  00 

*  Micbie'e  ESemenUi  of  AnalyticiLl  Mechanica 8to,  4  M 

Schuyler's  RpBervoira  for  Irrigation,  W«t«r-power,  and  Domeatio 

Water-supply lArge   9»o,  5  00 

Tumeaure  and  Russell.     Public  WaUt-auppliu 8to,  6  00 

Wegmami'B  Design  and  ConBtructiun  at  Uama 4to,  S  00 

Water-flupply  of  the  City  of  Nevr  York  from  lOGS  to 

1895 4M>.  10  00 

Weisbach'e  HydrKuUca  and  Hydranllo  Moton.    (Du  Bob.) .  .Sto,  5  06 

Wilson's  Manual  of  liri^tion  Engineering Bm&U  3vo,  4  00 

Wolff'a  Windmill  as  a  Prime  Mover 8vo,  3  06 

Wood'a  Turbines Svo,  2  fiO 

II               "      Etementa  of  Analytical  Mechanics 8vo,  3  00 

^1  UATEBIALS   OF   ENGINEERING. 

^^    Bako's  Treatise  on  Maacnry  Construction Bto,  6  00 

Black's  United  SUtes  Public  Works Oblong  4to,  6  DO 

Bovcy's  Btrength  of  Uateriala  and  Theory  of  Structures. . .  .8to,  T  iO 
Burr's  Elasticity  and  ReaiHtance  of  the  Materials  of  Engineer- 
ing     ...Bvo,  6  00 

Byme'a  Highway  CoustnictioD , 8vo,  0  M 

"         Inapection   of   the    Ma.t«rialB   and   Workmanship   Bm- 

pioyed   in  ConstructioD lOmo,  3  00 

Church's   Mechanics  ol   Engineering 8to.  0  DO 

Du  Bois's  Mechanics  of  Engineering.     Vol.  I Small  4tc),  7  SO 

Johnson's  Materials  of   Construction ..I^rifp   "vn.  fl  00 

Keep's  Cast   Iron 8to,  SW 

Lanta's  Applied  Mechanics Bto,  7  M 

Uartens'a  Handbook  on  Testing  MHterinln.   {Uenning.j.S  v..  tivo,  7  60 

ftfeirill's  Stones  for  Building  and  DeuurHtion 8va.  5  00 

Merriman's  Text-hook  on  the  Mechanics  of  Materials Bvo,  4  00 

Merriman's  Strength  of  Materials.,... I2mo,  1  00 

Uetcairs  Steel.    A  Manual  for  Steel-uoera 12mo,  2  00 

Patton'a  Practical  Treatise  on  Faaodations.'. 8vo,  6  00 

RoehweU's  Roads  and   Pavement*  in  France 12mo,  1  25 

Bmhli'a  Wire:   Its  Use  and  Manufacture Small  4to,  S  DO 

"      Materiala  of  Mftcliines 12ino,  1  00 

Snow'a  Principal  Specieaof  Wood:  Their  Characteristic  Proper- 
ties.    (In  prepaTiition.) 

Spalding's  Hydraulic  Cement 12mo,  2  Oo 

"          Tert-book  on  Roads  and  Pavementa IStno.  2  DO 

Thuraton'i  Materials  of  Engineering 3  Parta.  Sto.  8  00 

Part   I. — Non-metallic  Materials  ol   Engineering  and   Metal- 
lurgy  Svo,  B  00 

Part  ir.— Iron  and  Btcel Svo,  3  U 

Part  m.— A  Treatise  on  Branes,  Bronsxa  and  Other  Alloys 

and    Their  Constituents 8vo,  2  M 

Thurston's  Text-book  of  the  Materials  of  Construction Bvo,  S  00 

TUlson's  Street  Pavements  and  Paving  Materials .Bvo,  4  OO 

Waddell's  De  Pontibus.     {A  Pocket-book  for  Bridge  Engineers.) 

I16mo,  morocco,  3  00 
"         Specift cations  for  Steel  Bridges I2nio.  1  2f 
Wood's  Treatise  on   Che  Resistance  of   Mst«riala,  and   an   Ap- 
pendix on  the  Preservation  of  Timber Svo,  2  00 
•*         Hement*  of  Analytical  Mechanics .8vo,  J  00 
: 


RAILWAY  EHODTEEAISQ.  ^H 

•udrews's  Handbook  for  Street  Railway  [Engineers.  3t(5  in.  mor.,  1  36^^" 

Jerg'B  Buildings  and  StructnreA  of  Amerieon  Bailro&d*. .  .4tD,  6  00 

Bmoka's  Uuidbook  of  Street  Railroad  Location..  ISmo,  morocco,  1  SO 

Bntta'a  Civil  EnginMr's  Field-book ISmo,  morocco,  1  M 

Crmndall't  Trttiuition  CurvB Iflmo,  morocco,  1  M 

"         Railway   and   Other   Earthwork   Tables Sto,  1  (0 

Dawfon'B  Eleclric  Railwafi  and  Tram  wars.  Small  4t<».  hull  mor.,  1!  SO 
"        "  Engineering  "  and   Electric  Traction  Pocket-book. 

Ifinio,  morocco,  4  OD 

Vndgo'a  History  of  the  PennBylTania  Railroad:     (IBTO.)  .Paper,  6  00 

*  DrukeT**  TnnDriiag,  Kiploaiva  Compouada,  and  Rock  Dnlla. 

4to,  balf  morocco,  25  00 

Flaher'R  Table  of  Cubic  Yard* Cardboard.  SB 

Oodwiu'a  Railroad  Engineers'  Field-book  aod  Explorers'  Guide. 

Award's  Tranaltion  Curve  Field-book lOcno,  morocco,  I  60 

Httdaon'a  Tabid  for  Calculating  the  Cubic  Contents  of   Elxca- 

vations  and   Embankmenta Svo,  1  00 

Nagle'a  Field  MaouaJ  [or  Railroad  EIngineen lOmo,  morocoo,  9  00 

nSbrick's  Field  Manual  for   Engineara 16mo,  morocco,  3  00 

Pratt  and  Alden'i  Htreet- rail  way  Road-bed 9to,  S  00 

flevlea's  Field  Elngiueeriiig lOnio,  morocco,  3  00 

"         Railroad  Spiral Iflmo,  morocco,  1  BO 

^ylort  Priamoidal   FormiU»  and  Earthwork 8vo,  1  CO 

*^»utwina'a  Method  of  Calculating  the  Cubic  Content*  of  Bx- 
cavations  and  Embankments  by  the  Aid  of  Dia- 
grams   Sto,  t  00 

*  "            llie  Field  Practice  of  Laying  Out  Circolar  Curve*  ^^B 

fur  Kailroada ISmo,  morocco,  2  M^^| 

*  "            Croea-aection  Sheet Paper,  f^^^l 

Webb's  Railroad   Constructioo 8vo,  4  0|^^| 

WellingtoQ'a  Economic  Tbeorjr  of  the  Location  of  Railways. .  ^^H 

Small  8vo.  B  Ol^H 

•    DBAWIHO.  ^1 

Barr's  Kinematics  of  Machinery ■Bvo,  t  10 

*  Bartlatt's  Mechanical  Drawing 8fOi  S  0* 

Coolidge's  Manual  of  Drawing 8vo,  paper,  1  00 

Durley's  Elementary  Text-book  of  the  Kinematics  of  MaeUnea. 

(fn  preparatUin.) 

Hill's  Textbook  on  Shades  and  Shadows,  and  PerspecUve.Svo,  8  00 
Jonea's  Machine  Design: 

Part  I.— Kinematics  of  Machinery 8»o,  1  BO 

Part  n.— Form,  Strength  and  Proportion*  of  Pari* »r«,  I  M 

llacCord's  Elementa  of  Deacriptive  Geometry Sto,  1  00 

"          Kinematics;   or.  Practical  Mechaniam 8*0,  S  00 

"          Mechanical  Drawing 4ta^  4  00 

"          Velocity  Diagrams 8rOb  1  18 

'Mahan's  Deeeriptive  Geometry  and  Btone-autUng Sto,  1  M 

Mahan'a  Industrial  Diavrin^.     (Thompson.) SvOk  1  SO 

Raad's  Topographical  DrawiDs;  and  Sketching 4U>,  fi  00 

Raid'a  CourM  in  Mechanical  Drawing Bm^  1  00 

"      Teztrbook  of  Mechanical  Drawing  and  BementAij  M»- 

chine    Design Std,  t  OO 

■oblsBon's  Principles  of  Ueclianism Sto,  I  00 


Bmitb's  Hanukl  of  Topogfraphical  Drawing.     (McMillm.)  .Svo, 
Worrell'*  BlemenU  of  Plane  and  Holid  Free-hand  Geometrical 

Drawing    IZma, 

"        Drafting  luitrumentB  and  Uperfttions 12mo, 

"         Manual  of  Klemeotarj   Projection  Drawing 12aio, 

"         Manual  of  Elementary  ProblemR  in  the  TTinonr  Per- 

Bpective  of   Fonn  and   Shadow IZmo, 

"         Plane  ProblemB  in  Klementar;  Ueometr]' 12nio, 

"         Primary   Geometry IZmo, 

~         Elements  of  Descriptive  Uecmetry,  Shadow!,  and  Per- 

8])ectiVB Svo, 

"         General  Problems  ol  Shades  and  Shadows Std, 

"         Elements  of  Uacbine  Coustruetion  and  Drawing.  .Svo, 
•■         Problems,    Tbeorema,    and    Ebtamples    in    Descriptive 

Geometry 8vo, 

WciBbacb's  Kinematic*  and  the  Power  of  Tranimission.     (Herr- 
mann and  Kieln, ) 8vo, 

Whelpley's    Practical    Instruction    ia   the  Art   of   Letter   En- 
graving  12III0, 

WHbo&b  Topographic  Suireying 8vo, 

WUwmi'a  Free-hand   PenpccUre Svo, 

Woolfa  Elementary  Course  in  Deseriptive  Geometry. . Large  Svo, 


E  SO 

1  00 
1  £S 
1  SO 


2  00 

3  SO 
2S0 

3  00 


ELECTHICITY  AJfD  PHYSICS. 

Anthony     anil     Brackett's     Teit-book     of    Physics.     (Magie.) 

Small   Svo,  3  00 
Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Meaaur- 

ments 12mo,  1  00 

BeniaiDin's    History    of    Electricity Svo,  S  00 

Benjamin's  Voltaic  C«ll Bvo,  8  00 

Oa«sen's  Qantit«tive  Chemical  Analysis  by  Electrolysis.      Her- 

rick  and  Boltwood.) Bvo,  3  00 

Crehore     and  Squier's  Polarizing  Photo-chronoirraph Svo,  3  00 

Dawwn'B  Electric  RaQways  and  Tramways. .SmaU  4to,  bait  mor.,  1£  SO 
Dkwson's   ■■  Engineering "   and    Electric  Traction    Pocket-book. 

lOmo,  morocco,  4  00 

Flather's  Dynamometers,  and  tbe  Measurement  of  Power. .  IZmo,  3  00 

Oilbert's  De  Magnete.     (MotleUy.) Bvo,  2  60 

Btdman's  Precision  at  MeBSurements Bvo,  2  00 

"         Telescopic    Mirror-scale    MethcMl,    Adjustment,    and 

Tests   Large  Svo,  TS 

L«id»ner'B  Spectmm   Analysis.     Cnngle.) Svo,  3  00 

La  Chktelier'B  High- temperature  Measurements.     (Boudouard — 

Burgess.)  12mo.  3  00 

LOVa  Electrolysis  and  El ectrosyn thesis  of  Organic  Compounds. 

(Loreni.)     12mo,  1  00 

Ltoim's  Treatise  on  Electromagnetic  Fbenomena Svo,  6  DO 

•Michie.     Eiementa  of   Wave  Motion   Kelating  to  Sound   and 

Light - 8vo,  4  00 

Kiaudet's    Elementary   Treatise    on    Electric    Batteries     (Fish- 

bsct.l    12mo,  2  60 

'PanhalUnd  Hobart's  Electric  Gem enton..8mall  4to,  half  mor.,  10  00 
^an,  Norris,  and  Hoxie's  Electrical  Machinery.     {In  preparaUort.) 

Tnumton's  Stationary  Steam-engines Svo,  2  SO 

'Tillman.     Elementary  Lessons  in  Heat Svo,  1  SO 

Tory  and  Pitcher.     Manual  ol  Laboratory  Pbysica.  .Small  Svo,  8  00 


LAW. 

•  Davis.     Elements  of  Law 8vo,  ; 

•  "         Treatise  on  the  MilitaiT  I**  of  United  StB.te«..8vo,  7  00 

Sheep,  T  SO 

Manual   for  Courts- martial 16mo,  moroceo,  1  50 

Wait's  EngiaeeriDg  and  ATchitectuml  JurisprudenM 8vo,  9  00 

Sheep,  8  M 
"       Law  of  Operations  Preliminary  to  Construction  in   En- 

gioeering  and  Architecture 8vo,  6  00 

Sheep,  5  SO 

"       Lbw  of  Contracts Ato,  3  08 

Winthrop's   Abriiigmeot  of   MiliUry   Law I2nio,  2H 

MANUFACTUEES. 

Beaumont's  WooUen  and  Worsted  Clotb  Manufacture 12mo,  1  60 

Bernadou'B  SmolteleM  Powder — Nitro-celluloee  and  Theory  o( 

the  Cellulose  Molecule iSmo,  t  69 

Bolland's  Iron  Founder IZmo,  cloth.  2  60 

"        "  The  Iron  Founder  "  Supplement 12ini>,  2  60 

"         f^i^yclopedia  of  Founding  and  Dictionary  of  Foundry 

Tprme  Used  in   the   Practice  of  Moulding.  . . .  12[no,  S  00 

Eitwlcr's   Modem   Ui^h    Kxpiosives Svo,  4  00 

EfTroat'ii  Enzymes  and  their  Applicationa.     (PreaGOtt.)...BTo,  S  00 

Fitzgerald's   Boati'ii  Machinist., IBmo,  100 

Ford's    [toiler   Making   for   Boiler    Makers I81DO,  100 

Bophins'i!  Oil-chentis^'  Handbook Sto,  X  OO 

Eeep'e   Cast   Iron Bto  S  60 

Leach's   The    Inspection   and   Analysis   of  Food   with   Special 
Retereni'e  to  Stal'  Control.     Ifn  preparation.j 

Metcalfs  Steel.     A  Manual  for  Steel-users 12mo.  2  00 

Uetcalfs   Coat  ot  Manutacturea — And  the  udmlnistration  of 

Workshops,  Public  >nd  Private Svo,  6  00 

Meyer's  Modem  Locomotive  Construction 4to,  10  00 

•Reisig's  Guide  to  Piece-dyeing 8ro,  26  00 

Smith's  Press-working  of  Metals Svo,  3  00 

'•      Wire;   Its  Use  and  Manufacture Bmall  4to.  3  00 

Spalding's  Hydraulic  Cement. 12mo,  2  00 

Spencers  Handbook  for  Chemists  of  Beet-sugar  Bousee. 

lemo,  Momcco,  3  00 
"         Handbook  for  Sugar  Manutacturcra  and  their  Chem- 
ists  16mo,  morocco,  2  00 

Thurston's   Manual  ot  Steam-boilers,  their   Deeigna,   Construo- 

tii^n  and  Operation Bvo,  6  00 

Walke's  Lectures  00  E^loaivea Bvo,  4  00 

West's  American  Foundry  Practice 12mo,  2  It 

"      Moulder's  Textbook 12mo,  2  EO 

Wiechmsnn's  Sugar  Annlvsis Small  Bvo,  t  H 

Wolff's  Windmill  as  a  Pnme  Mover 8vn  t  00 

Woodbury's    Fire  Protection  of  Mills Svo,  8  SO 

UATHEMATICS. 

Baker's  Elliptic  Functions Svo,  I  10 

*  Bass's  Elements  of  DilTerential  Calculus 12mo,  4  00 

Brigga's  Elements  of  Plnne  Analytic  Geometry IZrao,  1  00 

Chapman's  Elementary  Course  in  Theory  of  Equation*. ..ISmo,  1  H 

Compton'a  Manual  of  l.ogarilhmic  Computations 12mo,  1  60 

10 


i 


DsTis's  IntrodDctioD  to  the  Logic  of  Algebr* 8vn, 

'DicluoD's  College  AJgebrs I*Tge  12iiio. 

,  XUlsUd'a  Ekmenta  of  Geomcti^ Svo. 

-  "         ElementoT}'  Srathetio  Geometry Bvo, 

*  Johnsoa**  Three-place   Logaritluaic  Tables:   Vest-pocket  size. 

pup.. 
100  copiM  for 

*  Mounted  on  heavj  cardboard,  8  X  10  inr-he^. 

10  oopfei  for 

"  Qementary    Treatise    on    the    Integral    Calculua. 

Small  8vo, 

"  Curve  Tncing  in  CarteaUn  Co-ordlnBUa I2mo, 

"         Treatise    on     Ordinary     and     Partial     Differential 

Equations Small  8vo, 

"         Theory     of     Errors     and     the     Method     of     Least 
Squares   12mo, 

*  "  Theoretical  Mechanics .12mo. 

I  Laplace's  Philosophicai  Essav  on  Probabilities.    (Truscott  and 

Emory.) * I2mo, 

'Ludlow  and   Bafs.     Elements  of  Trigonometry  and  Logaritli- 

mie  and  Other  Tables. 8vo, 

"  Trigonometry.     Tables  published  separately.  .Each, 

Ueiriman  and  Woodn'ard.     Higher  Mathematics Svo. 

Memman's  Method  of  Least  Squares 8vo. 

Kios  and   JohnsoB's   Elementary   Treatise   on   the  Differential 

Calculus Small  8vo, 

Differential  and  lategral  Calculus.    2  vols. 

in  one Small  8yo, 

I  Wood's  laements  of  Co-ordinate  Geometry 9vo, 

~       Trigometry;  Analytical,  Plane,  and  Spherical 12mo, 


1  M 
1  60 
1  7S 
I  50 


.1  00 
2  00 
^  00 
2  00 


2  SO 
2  00 
1  00 


MECHAKICAL  ENOIITEEKIBO. 

lUTBHIALS  OF  EUTGINE BRING,  STEAU  ENGINES 
AND   BOILERS. 

klkldwiii's  Steam  Heating  for  Buildings 12mo, 

^Barr's    Kinematics   of   Machinery 8vo, 

"  Bartiett's  Mechanicnl    Drawing 8vo, 

iBenjamin's  Wrinkles  and   Recipes 12ino, 

BCarpenter's  Experimental  Engineering 8va, 

■  "  HentinEand  Ventilating  Buildings 8vo, 

VClerk's  Gaa  and  Oil  Engine SmaU  8vo, 

■  Coolidge'a  Manual  of  Drawing 8vo,  paper, 

mi  Cromwell's  Treatise  on  Toothed  Gearing 12mo, 

Treatis*  on  Belts  nnd  Pullers 12mo, 

t  Durley's  Elementary  Teit-boa1<  of  the  Kinematics  of  Machiuea. 
I  [In  preparation.) 

W  Bather's  Dynamometers,  and  the  Measurement  of  Power  . .  ISmo, 

I  "         Rope    Driving 12mo, 

Gill's  Gas  an  Fuel  Analysis  lor  Engineers ISmo, 

Bale's  Car  Lubrication 12mD, 

Jones's  Machine  Design: 

Part  I. — Kinematics  of  Machinery 8td, 

Part  tl.^Form.  Strength  and  ProportioDB  of  Parts 8vo, 

tent's   Mechanical    Engineers'   Pocket-book. ...16ino,  morocco, 
err's  Power  and  Power  Tranamiasioii 8vo, 


t  H 

2  GO 

3  DO 
2  00 

0  00 

4  00 
4  00 

1  00 


UacCoTd'a  KiQEiuaticB',  or,  Prutiul  Mectumum 8to,  t  OQ 

"          ^Mediautpal  Drawing 4ta>  4  00 

"         Velodtf  OiaKTBiiis iva,  1  M 

Haban'B  Industrial  Drawine.     (Thoiopaon.} 8to,  t  H 

Poole's  Calorific  Power  of  Fuels 8m.  I  M 

Keid'i  Course  in  Mechanical  Drswlno Sto,  t  00 

"      Teit-book     of    Mcchani«iii     Drawing    and    Elementarf 

Machine  OEsiKn Bvo,  3  00 

Richarda'fl  Compressed  Air 12mOi  1  00 

RobinBon'a  Principles  of  Mechaniam Bvo,  S  00 

Sjnilh'a  Press-working  o(  MeUJ* Bto,  3  00 

Thunton's  Treatise   on   Friction   and   Loat   Work   in   Machin- 
ery and  Milt  Work Bvo,  S  00 

"  Animat   as  a   Klachine  and   Prime  Motor  and   Ui« 

Laws  of  EnergeticB 12mo,  1  00 

Warren's  Elements  of  Machine  Conatniction  and  Drawing.  -Svo,  T  SO 
Weisbach's  Kioeniatica  and  the  Power  of  Transmiasion.     (Herr- 

mann-KJein.)   Sto,  6  00 

"  Maebinery  of  TransmiBsion  and  UaTemora.     (Hot- 

mann-^Klein.)   Sto,  S  00 

"           H.vdrauiicB  and  Hjdraulic  Motors.     (Du  Boia.)  .8va,  COO 

WolfTa  Windmill  as  a  Prims  Mover Svo,  S  00 

Wood'!  Turbines Svo,  2  SO 

MATERIALS  OF  ENQINEERmO. 
Bovey's  6tren|;th  of  Mat«rialB  and  Theory  ol  Btmrtures.  .Svo,  T  SO 
Burrs  Elasticity  and  Resistance  of  the  Materials  of  Engineer- 
ing   Svo,  S  00 

Church's  Mechanics  of  Engineering Svo,  ft  00 

Johnson's  Materials  of  Construction Luge  Svo,  6  00 

Keep's  Cast  Iron Svo,  S  60 

I^uoza's  Applied  Mechanics Svo,  7  GO 

Hartcna's  Handbook  on  Testing  Materials.     (HenningO 8to,  T  SO 

Merriman's  Text-book  on  the  Mechanics  of  Materials Svo,  4  OO 

"           Strength  of  Materials 18mo,  I  00 

Metcalfs  Sleei.     A  Manual  (or  Steel-users 12mo.  2  00 

Smith's  Wire:  Its  Use  and  Manufacture SmaU  4to,  S  00 

"       Materials  of  Mnchinea. 12mo,  1  00 

Thurston's  MateriaJa  of  Eingineering 3  vols.,  Bvo,  8  00 

Part  II.— Iron  and  Steel 8to,  3  SO 

Part  TTl.— A  Treatise  on  Brasses,  Branitea  and  Other  Alloys 

and  their  Constituents Bvo,  t  SO 

nuTston'a  Text-book  of  the  Materials  of  Construotion Bvo,  6  00 

Wood'a  Treatise  on   the   Resistance  of  Materials  and   an   Ap- 
pendix on  the  Preservation  of  Timber. Bvo,  2  00 

"       Elements  of  Atuilylical  Mechanics Svo, 

ST£AH  ENOnTES  ASH  BOILERS. 
Ooraot's  Reflections  on  the  Motive  Power  of  Heat.     (Thurston.) 

]!mo, 
Dftwson's  ■'  Engineering"  and  Electric  Traction  Pocket-book. 

lOmo,  morocco,  4  00 

Ford's  Boiler  Making  for  Boiler  Makers ISmo,  1  00 

Goas's  Locomotive  Sparks Bvo,  2  00 

Bamenway's  Indicator  Practice  and  Bteam-engina  Economy. 

12ino^  %  00 

Button's  Mechanical  Engineering  of  Power  Plants Bvo,  B  00 

"        Beat  and  Beat-engines Bvo,  S  00 
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K«nt'a  Steuu'botler  Ecoaomy Bvo,  4  00 

Kneaas'B  Practice  and  Theory  of  the  Injector 8vo,  1  60 

UacCord'a    Slide-valveB 8vd,  2  00 

Mejer'e  Modern   Locomotive  Constru-ction iU>,  10  00 

Peabodj's  MaDual  of  the  Steam-engine  Indicator 12iqo,  1  M 

"         Tables   of   the   Properties   of   Saturated   Bteam   and 

Other  Vapors 8vo,  1  00 

"       ThemtodTnamict   of    the    Steam-engise    and    Other 

Heat-engines 8vo,  6  00 

"          Valve-gears  tor  Steam-engines 8ro,  2  60 

Peabody  and  Miller,    Steam-boilers 8vo,  i  00 

Praj'a  Twenty  Years  with  the  Indicator Large  8to,  2  SO 

Pupin's  Themiodynainics   of   Reversible  Cycles   in   Qases   and 

Saturated    Vapors.     (Osterberg.) lUino,  1  SUt 

Beagan'a  Loccmotivs   Mechanism  and   Engineering 12mo,  2  IM 

Rontgcn'a  Principles  of  Thermodynantici.     IDu  Boia.) 8to,  S  00 

ffinelidr's  LocomotiTe  Engine  Running  and  ManagemeDt. .  12nio,  2  00 

Bmartfa  Handbook  of  Bngineering  La.boratory  !^actice..l2mo,  2  SO 

8now^  Steam- boiler  Practice 8vo,  3  00 

Spangler's   Valve-gears 8vo,  8  80 

"          Notes  on  Thcnnodynamice I2mo,  1  00 

Thurston's  Handy  Tables 8vo,  1  50 

"         Mnnual  of  the  Steam-enErine 2  vola.,  8vo,  10  00 

Part  I, — History,  Structure,  and  Theory 8vo,  8  00 

Part  II. — Design,  Construction,  and  Operation 8to,  6  00 

Thuraton's  Handbook  of  Engine  and  Boiler  Trials,  and  the  Use 

of  the  Indicator  and  the  Prony  Brake 8vo,  S  00 

"          Stationary  Steam-engines 8vo,  2  00 

"          Steam-boiler   Explosions  in    Theory   and    in    Prac- 
tice   12mo,  1  EO 

"         Manual  of  Steam-boilers,  Their  Designs,  Construc- 
tion, and  Operation 8vo,  0  00 

WeUbach's  Heat,  Steam,  and  Steam-engines.     (Du  Boi8.)..8vo,  S  00 

Whitham's  Steam-engine  Design 8vo,  6  00 

WiliKm'B  Treatise  on  Steam-boilers-     ^Flather-) lOmo,  2  SO 

Wood's    ThermodynamicB,     Heat    Motors,    and     Refrigerating 

Machines   8vo,  t  00 

HECBANICa  AND  MACHINERY. 

Barr's  Kinematics  of  Machinery 8vo,  2  60 

Bovey's  Strength  o(  Materials  and  Theory  of  Structures.  .Svo,  7  60 

Chordal.— Extracts  from  Letters I&mo,  2  00 

Church's  Mechanics  of  Elngineering 8vo,  6  00 

"         Not«a  and  Examples  in   Mechanics 8vo,  2  00 

Compton's  First  I.esB0ii3  in  .Metal -woTking ISmo,  I  60 

Compton  and  De  Oroodt.    The  ^pred  Lathe IKmo,  1  60 

Cromwell's  Treatise  on  Toothed  Uearing 12roo,  1  SO 

"          Treatise  on  Belts  and  Pulleys 12mo,  1  60 

Dana's  Textbook   of   Elementary   Mechanics   for   the   Use   of 

Colleges  and  Schools I2mo,  1  50 

Dinge/B  MachineiT  Pattern  Making 12mo,  2  00 

Dredge's  Record  of  the  Trnnsportation  Exhibits  Building  of  the 

World's  Columbian  Exposition  of  1803 4to,  half  mor.,  fi  00 

Du  Boia's  Elementary  Principles  of  Mechanics: 

Vol.  I.— KlnematlcB 8to.  S  56 

Vol.  n.— SUticB 8vo.  4  00 

Vol.  m.— Kinetics ~ 8vo,  3  60 

Du  Bois's  Mechanics  of  Engineering.     Vol.  1 Small  4to,  7  60 

"       "              ■         »           «             VoI.n Small  4to,  10  00 
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DnrleT's  Elementary  Text-book  o(  the  KinemiJlM  of  Mkcliine*.  ^^H 

{In  pfeparntloA.)  ^^ 

Fltzgerald'e  Boitoo  MAchiniat 16ino,  t  00  < 

FUUier'a  D;iiBiiioiiiet«n,  uid  the  He«*nremut  ol  Power.  12ino,  9  00 

"         Rope    Driving 12mo,  2  00 

Oom'b  Locomative  Sparki 8vo,  S  00 

H»irg  Cm  Lubrication IZmo,  1  00 

HoUy'B  Art  of  Saw  FUing ISmo,        Tl 

*  JohaRon'i  Theoretical  Mechanics l2mo,  S  00 

JohDBon'a  Short  Course  in   Statics  by  CIrapllio  and  Algebraic 

Methods.     {In  preparaHon.) 
Jones's  Machine  Deeign: 

Part  1 — Kinematics  of  Machineiy .Sto,  1  SO 

Part   II.— Form,  Strength  and   Proportion*  of  Parta. ..  .8vo,  S  00 

Etrr'e  Power  and  Power  TraastoiasioD 8v9,  2  00 

Lanza's   Applied  Mechanics 8ro,  7  BO 

MacCord'e  KinemHticBj  or,  Practical  Mectianiun Svo,  6  00 

"  Velocity   Diagmini Sva,  1  00 

Merriman's  Text-book  on  ths  Mechanics  of  Materialt Sto,  4  00 

*  Michie's  dements  of  Analyticai  Mechanic* Svo,  4  00 

Beagan's  Locomotive  Mechanism  and  Engineering 12mo,  2  00 

Heid's  Course  in  Mechanical  Drawing Svo,  t  00 

"      Text- book    ol    Mecbanif^    lowing    and    ElemcDtary 

Machine   Design 8vo,  S  DO 

Richards'B  Compressed  Air I2mo,  1  60 

Robinson's  Principles  ol  Mechanism 8*0,  3  00 

Ryan,  Narris,  and  Hoxie's  Electrical  Machinery,     (fn  prepitrntfon.) 

Binclur's  Locomotive-engine  Runoiog  and  Muugement. -IZmo,  2  M 

Smith'*  Prew-working  of  Metal* Bvo,  |  09 

"        Materials  of  Machines ISino,  1  00 

Thurston's   Treatise   on   PrictioB   and   LoBt   Work   In  Uadiin- 

ery  and  Mill  Work Hvo,  S  00 

"  Animal  as  a  Machine  and  Prime  Motor,  and  the 

Laws  of  Energetics 12mo,  t  DO 

Warren's  Elements  of  Machine  Construction  and  Drawing.  .Sto,  T  H 
Weisbach's     Kinematics     and     the     Power    of    Tiaosmlaaion. 

(Berrman — Klein.)    8vo,  S  00 

"  Machinery  of  TYanamiuion  and  Oovemon.     (Herr- 

(man— Klein.)     8»o,  S  Oft 

Wood'*  ESements  of  Analytical  Meebanioi 8vo,  9  00 

"       Principlee  ol  £3ementary  Mechanic* I&mo,  1  SO 

■      Turbinea  8vo.  COO  M 

The  World's  Columbian  ExpoaiLion  ol  1803 4to,  1  00  ^M| 

HETALLtmaY.  ^M 

Egleston's  Metallurgy  of  Silvar,  Gold,  and  Mucurr:  ^^H 

Vol.  I.-SilvcT 8vo,  T  M  ^^ 

VoL  n.~-GoId  and  Mercury tvov  T  »  " 

••  Ilea's  Lead-smelting 12mo,  2  00 

Keep's  Cast  Iron Svo,  £  EO 

Kunhardt's  Practice  of  Ore  Drwaing  in  L'urope Svo,  I  00 

Le  Chatelier's  High-temperature  Meaaurementa.     (Boudouard — 

Burgess.) 12mo,  0  00 

Metcalfs  Steel.    A  Manual  for  Steel-user* ISmo,  t  00 

Smith's  MtttfriftlB  of  Machines 12iao,  1  00 

Thurston's  Materials  of  Engineering.     In  Tliree  Farta 8vo,  8  00 

Part  II.— Iron  and  Btcel Svo,  S  SD 

Part  m.— A  Treatise  on  Brassea,  Broniea  and  Other  Alloy* 

and  Their  Constituents Svo.  t  M 


3  00 

2  00 

4  00 

1  oe 

1  2S 

3  50 
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JONEBAIOGT. 

iMiiption    of    Minerals    of    Commercul    Valu«. 
Oblong,  morocco, 

Bojd't   Resources   of    Southweat    Virgiaift 8vd, 

Mitp  ol  Southwest   Vir)pni& Pocket-book   form, 

Manual  of  Uetermtnative  Mineralog}'.     (Penfield.) -Hvo, 

ieat«r'a  Catalogue  ol  Minerala 8vo,  piip«r, 

Cloth. 

Dictionar;  of  the  NaiOM  ol  MinerHla ftvo, 

i'm  RyMem  at  iLneraiogj Large  8vo,  ball  katber,  12  U 

FiiBt  AppeniUi  to  Dima'a  New  "  System  ol  MineraJogy." 

Large  Svo,     1  OU 

Text-book  ol   Mineiftlogy 8vo,    4  00 

Minerala  and  How  to  Study  Tbem 12mo,     1  SO 

Catalogue  of  American  LocaJitiea  ol  Minerala. Large  8vo,     1  00 

Manu^  of  Mineralogy  and  Petrograph; 12nio,    2  00 

Egteston'B  Catalogue  of  Minerals  BJid  HjDonyuB 8vo,    2  00 

Huaaak'a     Tbe     Determination     ol     Bock-fonning     Miner^t.  i  ' 

(Smith.)    Small   8vo,    2  00 

*  Penfleld'a  Not«8  on  Determinative  Mineralogj  and  Record  ol 

Minenl   Teflts 8vo,  paper,        M 

EoeenbuHch'*  Microscopical  Phyaiographj  ol  tbe  Rock-making 

Minerals.      (I(lding*B.) 8vo,    S  00 

HUman's  Text-book  of  Itaportant  MineraJa  utd  Rocks.. Svo,    2  00 
.miliama'B  Manual  ol  Lithology 8vo,    3  00 


BMrd'a  Ventilation  of  Uinea l£nui,  2  SO 

Bajd't  ItMourcM  of  Southwest  Virginia 8vo,  8  00 

"       Map  ol  Southwest  Virginia Pocket-book   form,  2  00 

Drinker's     Tunneling,      Explosive     Compounds,     and     Rock 

Drills 4ta,  bftll  morooco,  26  00 

EUsler's  Modem  High  Explowves 8vo,  i  00 

Foirier'B  Sewage  Works  Anal  vacs J2mo,  2  00 

Ooodj'ear'B   Coalmines   of   the   Weatem    Coaat  ol   the    United 

SUtea    l2mo,  2  SO 

IhlBeng'B  Manual  of  Mining Svo,  4  00 

••  Ilea's  Lead-smelting ISmo,  2  fiO 

Knnbardt's  Practice  ol  Ore  Dreaaing  in  Burcms .-..8vo,  1  SO 

01>riMM>irB  Notes  on  the  Treatment  ol  Oold  Otm 8to,  2  00 

8»wy*r's  Accidents  in   Mines 8»o,  7  00 

WalWi  I,eeturea  on  Explosivei 8to,  4  00 

Wilson's  Cyanide  Processes 12mo,  1  SO 

Wilson's  QilorinatioD  Procese IZmo,  1  SO 


SANITAET  SCIENCE. 

BlMweirs  Sewerage.    (Designing,  Construction  and  Mainttnance.) 

■  8yo,  S  00 

Water-supply    Engineering 8vo,  4  00 

s  Water  and  Public  HeBltb 12nM>,  1  SO 

Water-fUtntioD   Worka IZmo,  B  SO 
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Qerhard'a  Guide  to  SajiitU7  Houie-inapeetian lOmo,  1  00 

Ooodrich's  EconoioicBl  Diapowkl  of  Tawiu*  B«fuM. .  -Demf  8to,  1  H 

Huen'a  Filtration  ot  Public  Wftt«r-iuppliM 8to,  S  DQ 

Kiersted'a  Sewage  Diaposal ISmo.  1  tS 

Leach's   The    Inspection   and    Ana! y bib   of   Food   with    Speeinl 

Rpference  to  State  Control,     (/n  preparation.) 
Maaon's   Water-aupply. .  (Coneidered    I^ncipally  frrnn   a  San- 
itary Standpoint.     3d  Bditioa,   Rewritten Svo,  4  00 

■■       Examination    of    Wat«r.      (Chemical    and    Baoterio- 

loKical.)     I2mo,  1  U 

Herriman'*  Element*  of  Sanitarv  Bngineerii^ Svot  S  00 

Nicliola'i  Water-Hupplj.     (Consiaered  Mainly  from  ■  Chemical 

and  Sanitary  Standpoint.)     (18S3.) Svo,  t  60 

Ogden'a  Sewer  Deeign IKmo,  t  00 

*  Price's  Handboolc  on  SanitBtion 12mo,  I  SO 

Blcharda'i  Coat  of  Pood.    A  Study  in  Dfetarlea IZmo,  1  01 

Hichards  and  Woodman's  Air,  Water,  and  Food  from  a  Suii- 

tary    Standpoint Svo,  2  00 

Bichards's  Coat  of  Livins  aa  Modified  by  Sanitary  Science.  ISmo,  1  00 

•Richards  and  Williamfl'ii  Tlie  Dietary  Computer 8vo,  I  SO 

Kdeal'a  Sewage  and  Bacterial  Purification  of  Sewag« Svo,  t  M 

iSimeBure  and  Russell's  Public  Water-suppliea 8vo,  0  00 

Whipple's  Microscopy  of  Drinking-water 8vo^  3  80 

Woodhull'i  Notes  on  Military  Hygiene ....lOmo,  IH  , 


UISCEILANEOUS. 


Barker's  Deep-tea  Soundings Svo,    S  DO 

Emmoi^'a  Geological  Guide-book  ot  the  Rooky  HoontaJn  Bz- 

cuniion   of  the    International    Congress    of    Geologists. 

Large  Svo,    1  60 

Ferrel's  Popular  Treatise  on  the  Winds 8to,    *  00 

Hainea's  American  Railway  Management 12mo,    8  SO 

Mott's  Composition,  Digestibility,  and  Nutritive  Value  of  Food. 

Mounted  chart,     I  U 

"       Fallacy  of  the  Present  Theory  of  Sound 16nio,     1  00 

Ricketla's   History  of   RensseUer  Polytechnic  butitute.   1824~ 

18M Small    8vo,    3  00 

Botherbaro's  Emphasised  New  Testament Large  8vo>    t  00 

"  Critical  F^phasiaed  New  Testament ISmo,     1  BO 

Bteet's  Treatise  on  the  Diseases  of  the  Dog Svo,    3  00 

Totten's  Important  Question  in  Metrology Svo,    t  BO 

The  World's  Columbian  Exposition   of   1893 4to,     1  00 

Worcester  and  Atkinson,     Small   Hospitals,  Establishment  and 

Maintennnce.  and  Suggestions  tor  Hospital  AreliiteetUFe, 

with  Plana  for  a  Small  BospitaJ l&no, 


HEBREW    Aim    CHALDEX    TEXT-BOOKS. 

Green's  Grammar  ot  the  Hebrew  Language Svo, 

"       Elementary   Hebrew   Grammar.... 12mo, 

"       Hebrew  Chrestomathy Svo, 

Gesenius's  Hebrew  and  Chaldee  Lezioon  to  the  Old  Testament 
Scriptures.     (Tregelles.) Small  4to,  bait  morocco. 

L^tteris'a  Hebrew  Bible Bvo, 
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